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GLASS FIBER FORMING COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICTIONS 

This application claims the benefit of U.S. Provisional 
Application Nos. 60/330,178, filed Oct. 18, 2001; 60/230, 
474, filed Sep. 6, 2000 and 60/136,538, filed May 28, 1999. 
This application is a continuation-in-part of U.S. patent 
application Ser. No. 10/363,609, filed Mar. 4, 2003, now 
U.S. Pat. No. 6,818,575B2, which is a 35 USC 371 of PCT 
application Serial No. PCT/US01/27451 filed on Sep. 5, 
2001 and claims the benefit of 60/230,474, which was a 
continuation-in-part of U.S. patent application Ser. No. 
09/980,248, filed Nov. 28, 2001, now U.S. Pat. No. 6,686, 
304 B1, which is a 35 USC 371 of PCT application Ser. No. 
PCT/US00/14155 filed May 23, 2000 and claims the benefit 
of 60/136,538. 

U.S. Provisional Application No. 60/136,538 is the pri 
ority application of PCT Application No. U.S. Pat. No. 
0.0114155, and U.S. Provisional Application No. 60/230, 
474 is the priority application of PCT Application No. 
USO1127451. U.S. Provisional Application Nos. 60/136, 
538; 601230,474 and 60/330,178; U.S. patent application 
Ser. No. 09/980,248, and PCT Application Nos. 00/14155 
and 01/27451 are hereby incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to glass compositions, and more 

particularly to (1) fiber glass compositions, and (2) math 
ematical relationships of the ingredients of the glass com 
positions to identify thermal properties of the glass compo 
Sitions e.g., forming and liquidus temperatures with an 
acceptable temperature difference to prevent devitrification 
of the molten glass during forming of glass fibers. 

2. Discussion of the Technology 
In the art of forming glass fibers it is recognized that the 

difference between the forming temperature and liquidus 
temperature is maintained at a value to prevent devitrifica 
tion of the molten glass during fiber forming. For example, 
the most common glass composition for making continuous 
glass fiber Strands for textiles and glass fiber reinforcements 
is known in the trade as "Eglass'. The requirements as to 
what type of composition constitutes an E-glass composition 
are included in ASTM D578-00. An advantage of using 
E-glass having 6-10 percent by weight BO is that its 
liquidus temperature is well below its forming temperature, 
i.e. typically greater than 56°C. (100 F) and usually in the 
range of 83 to 111° C. (150 to 200 F). As used herein, the 
terms “forming temperature', "Tor, "log 3 forming 
temperature” and “log3 FT" mean the temperature of the 
glass at which the viscosity of the glass is log 3, or 1000 
poise, and the terms "liquidus temperature”, “liquiduS T' 
and "T,” mean the temperature at which the Solid phase 
(crystals) and liquid phase (melt) of the glass are in equi 
librium. The difference between Tor, and T, referred to 
herein as “delta T or “AT', is a common measure of the 
crystallization potential of a given melt composition. The 
lower the AT, in other words the Smaller the difference 
between the forming temperature and the liquidus 
temperature, the greater the crystallization potential. In the 
glass fiber forming industry, AT is typically maintained at a 
temperature of at least 50° C. (90 F) in order to prevent 
devitrification of the molten glass during a glass fiber 
forming operation, in particular, in the bushing area. 

It is appreciated by those skilled in the art of forming glass 
fibers, that it is desirable to operate the glass fiber forming 
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2 
operation at low temperatures because operating the glass 
fiber forming operation at high temperatures results in 
high-energy usage, along with associated high-energy costs. 
In addition, the high temperatures accelerate degradation of 
the refractories used in the glass melting furnace, as well as 
the bushings used to form the fibers. The bushings include 
precious metals that cannot be recovered from the glass as 
the bushings wear. 

It is recognized that boron and fluorine in addition to 
contributing to the electrical properties of the E-glass, e.g. 
dissipation factor and dielectric constant, also lower the 
forming and liquidus temperatures of the glass while pro 
viding a AT of at least 50° C. (90°F). The boron in the form 
of an oxide and fluorine in the form of a fluoride are included 
in the glass batch materials and act as fluxes during the glass 
melting operation. E-glass can include up to 10 wt % BO 
and up to 1.0 wt % fluoride (see ASTM D578-00 $4.2). 
Although the boron effectively lowers the forming and 
liquidus temperatures while providing an acceptable AT 
value and the fluoride or fluorine acts as a flux, there are 
drawbacks. More particularly, these materials Volatilize dur 
ing melting and move with the exhaust gases into the 
exhaust system. If the boron and fluorine in the exhaust 
gases are not removed they are released to the atmosphere. 
Since boron and fluorine are considered pollutants, these 
emissions are closely controlled by environmental 
regulations, which in turn require careful control of the 
furnace operations and/or the use of costly additional pol 
lution control equipment. In response to these concerns, the 
boron and/or fluorine content in E-glasses were reduced. For 
example, U.S. Pat. Nos. 4,542,106 and 5,789,329 and WO 
99/12858 disclose boron free or low boron e.g. 1.8 wt % 
glasses having a forming temperature in the range of about 
1258 to 1263 C. As can be appreciated by those skilled in 
the art of glass making, reducing or removing the boron 
and/or fluorine content in the batch materials raises the 
forming temperature. More particularly, the Silica content 
increases as the boron content decreases, resulting in an 
increase in the forming temperature. AS mentioned above, 
increasing the forming temperature results in high-energy 
usage, high-energy costs, and acceleration of the degrada 
tion of furnace refractories and bushings used to form the 
fibers. 

For additional information concerning glass compositions 
and methods for fiberizing the glass composition, See K. 
Loewenstein, The Manufacturing Technology of Continuous 
Glass Fibres, (3d Ed. 1993) at pages 30–44, 47–60, 115-122 
and 126-135, and F. T. Wallenberger (editor), Advanced 
Inorganic Fibers. Processes, Structures, Properties, 
Applications, (1999) at pages 81-102 and 129-168, which 
documents are hereby incorporated by reference. 

In general, glass compositions having particular 
properties, e.g. forming temperature and delta T are identi 
fied by weight percent and/or molar percent of the compo 
nents or ingredients in the glass. AS can be appreciated by 
those skilled in the art of glass making and/or glass fiber 
forming, it would be advantageous to identify the perfor 
mance of the glass compositions not only by the amount of 
a particular ingredient in the glass but also by a relationship, 
e.g. a mathematical relationship of the ingredients in the 
glass. WO 01/32576A1 discloses fiber glass compositions 
and the mathematical relationship of Several of the 
ingredients, e.g. the combined Wt % of CaO and MgO, and 
the ratio of Al2O/CaO, in the glass. Using the combination 
of glass ingredients, e.g. the absolute weight percent of Silica 
with the relationship of other ingredients in the glass, e.g. the 
ratio of silica to RO (combined Wt % of CaO and MgO) 
would provide information regarding the melt properties of 
the glass. 
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SUMMARY OF THE INVENTION 

The present invention provides a low boron containing or 
a boron free glass fiber forming composition that has a 
forming temperature of no greater than 1240° C. (2262 F.), 
a AT of at least 50° C. (90°F), and one or more or all of the 
following compositional features: 

a ratio of SiO to RO (i.e. CaO +MgO) in the range of 1.9 
to 2.55; 

a ratio of SiO to CaO in the range of 2.1 to 2.8; 
a ratio of SiO to Al-O in the range of 3.7 to 5.0; 
a ratio of Al-O to CaO in the range of 0.5 to 0.6; 
a sum of SiO, and Al-O in the range of 66.0 to 73.7 wt 
%; 

a ratio of (SiO2+Al-O.) to (RO+RO+BO) in the range 
of 2.0 to 3.0; 

a ratio of Al-O to RO in the range of 0.4 to 0.6; and 
a difference between SiO, and RO; in the range of 26.5 to 

36.6 wt %. 
In one nonlimiting embodiment of the present invention, 

the glass composition further has a SiO2 content of greater 
than 57 weight percent and BO of no greater than 2 weight 
percent. In another nonlimiting embodiment of the 
invention, the SiO2+Al-O content of the glass composition 
is less than 70 weight percent. In Still another nonlimiting 
embodiment of the invention, the glass composition contains 
at least 1 weight percent TiO. 

In the discussion under Description of the Preferred 
Embodiments are glass compositions and mathematical rela 
tionship of different types of glasses. One Such glass com 
position has the following ingredients: 

SiO, 55.70 to 59 percent by weight; 
Al2O 12.35 to 13.94 percent by weight; 
CaO 24.40 to 24.80 percent by weight; 
MgO 2.55 to 2.80 percent by weight; 
TiO, 0.05 to 0.55 percent by weight; 
NaO 0.40 to 0.50 percent by weight; 
KO 0.40 to 0.60 percent by weight: 
NaO + KO 0.85 to 1.50 percent by weight; 
Fe2O3 0.20 to 0.40 percent by weight, and 
BO 1.25 to 1.55 percent by weight and 

the following relationship of ingredients 

RO 26.25 to 27.6O wt % 
SiOfCaO 2.20 to 2.40 
SiO/RO 2.00 to 2.2O 
SiO/Al2O. 3.95 to 4.70 
Al-O/CaO 0.50 to 0.60 
SiO2 + Al2O 69.00 to 70.50 wt % 
SiO – RO 28.00 to 31.00 wt % 
Al-O/RO O.45 to O.S.S 

28.90 to 30.00 wt % 
2.25 to 2.45 and 

a log3 forming temperature in the range of 1210 to 1225 C. 
and AT is in the range of 52 to 65 C. R2O is equal to the 
wt % of k-O and NaO. 

Reference should be made to the Description of the 
Preferred Embodiments thereto for a more detailed summary 
of the glass compositions of the invention and the relation 
ship of the ingredients of the glass compositions. 

The glass compositions meeting the mathematical rela 
tionships of the instant invention provide a glass having a 
forming temperature of less than 1240 C., preferably 1205 
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4 
to 1220° C., and more preferably between 1211 to 1218 C. 
for boron free glass and more preferably between 1187 to 
1205 C. for boron containing glasses. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following discussion, all numbers expressing 
dimensions, physical characteristics, and So forth, used in 
the Specification and claims are to be understood as being 
modified in all instances by the term “about'. Accordingly, 
unless indicated to the contrary, the numerical values Set 
forth in the following Specification and claims can vary 
depending upon the desired properties obtained by the 
practice of the present invention. At the very least, and not 
as an attempt to limit the application of the doctrine of 
equivalents to the Scope of the claims, each numerical 
parameter should at least be construed in light of the number 
of reported Significant digits and by applying ordinary 
rounding techniques. Moreover, all ranges disclosed herein 
are to be understood to encompass any and all Subranges 
Subsumed therein. For example, a Stated range of 1 wt % to 
10 we % should be considered to include any and all 
Subranges between (and inclusive of) the minimum value of 
1 and the maximum value of 10; that is, all Subranges 
beginning with a minimum value of 1 or more and ending 
with a maximum value of 10 or less, e.g., 5.5 to 10. 

It should be appreciated that, unless otherwise indicated, 
all numerical values discussed herein, Such as but not limited 
to weight percent of materials or temperatures, are approxi 
mate and are Subject to variations due to various factors well 
known to those skilled in the art Such as, but not limited to, 
measurement Standards, equipment and techniques. AS a 
result, Such values are to be understood as being modified in 
all instances by the term “about'. Accordingly, unless indi 
cated to the contrary, the numerical parameters Set forth in 
the following Specification and attached claims are approxi 
mations that may vary depending upon the desired proper 
ties Sought to be obtained by the present invention. At the 
very least, each numerical parameter should at least be 
construed in light of the number of reported Significant digits 
and by applying ordinary rounding techniques. 

Notwithstanding that the numerical ranges and param 
eters Setting forth the broad Scope of the invention are 
approximations, the numerical values Set forth in the Specific 
examples are reported as precisely as possible. Any recog 
nized deviations and/or errors are discussed. Any numerical 
value, however, inherently contains certain errors necessar 
ily resulting from the standard deviation found in their 
respective testing measurements. 

In the following discussion and in the claims the limits of 
defining the range are included in the range. For example 
and not limiting to the discussion, “in the range of 1230 to 
1240 C.” and “in the range of equal to and greater than 
1230 C. and equal to and less than 1240 C.” define the 
Same range. Further in the preceding discussion, in the 
following discussion and in the claims, the terms “weight 
percent”, “wt %' and “percent by weight” are used herein 
interchangeably. 

In one embodiment of the present invention, the math 
ematical relationships of the ingredients of a generic qua 
ternary glass System are disclosed. The quaternary System 
includes SiO, CaO, Al-O and MgO. AS can be appreciated 
by those skilled in the art of making glass, in particular 
making glass fibers, MgO if not added to the batch materials 
is found in the batch materials as a tramp material, e.g. MgO 
is found in clay at 0.3 to 0.5 percent by weight. In the 
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practice of the invention, MgO is added to the batch material 
to attain a level in the glass greater than the tramp level. The 
relationship of SiO, CaO, Al-O and MgO of interest 
include RO=CaO+MgO, SiO/CaO, SiO/RO, SiOAl-O; 
Al-O-CaO, SiO2+Al-O, SiO-RO and Al-O /RO or 
RO/Al2O. In the present invention when other ingredients 
or components are added to the glass batch materials to alter 
the forming and/or liquidus temperatures of the glass and/or 
are present in the glass, for example but not limiting to the 
invention NaO, LiO, KO and BO the following math 
ematical relationships are of interest, (SiO2+Al2O)/(R2O+ 
RO+BO) where RO is as previously defined and R2O= 
NaO+LiO+KO. In Tables 1 through 22, the relationship 
(SiO2+Al-O)/(R2O+RO+BO) is shown as (Si-Al)/ 
(R2O+RO+B) to fit the formula into a reasonable column 
width. Each of the compositional features of the glass 
identified above reflects the relative balance between the 
fluidity (i.e. Viscosity) of the glass melt and its crystalliza 
tion potential, as will be discussed below in more detail. The 
physical melt properties of interest in the present discussion 
are the forming temperature and the liquidus temperature 
because embodiments of the present invention are to provide 
low boron or boron free glass compositions having a low 
forming temperature and a desired AT. In this manner, the 
glass can be processed, e.g. to form glass fibers at a low 
temperature while reducing the possibility of devitrification 
of the molten glass, e.g. in the bushing area. Without limiting 
the present invention, one embodiment of the invention 
includes a glass composition having a forming temperature 
of no greater than 1240° C. (2264 F) and a AT of at least 
50° C. (90°F). 

In the following discussion, the mathematical relationship 
is to the ingredients in the glass; however, the invention is 
not limited thereto and contemplates identifying and using 
the relationship of the ingredients to be added to the batch, 
e.g. mixing the batch prior to melting the batch to form the 
glass. Further, in the following discussion the mathematical 
relationship of the ingredients will be in wt % of the 
ingredients in the glass composition; however, the invention 
is not limited thereto and maybe the mole % or any mea 
Surement that identifies the amount of the ingredient in the 
batch materials and/or the glass composition. 

In regards to the ingredients or constituents of the qua 
ternary System presented above, it is known that pure Silica 
is the highest melting glass former. A pure Silica melt does 
not have a well defined melting point. At 2500° C. (4532 
F), it has a viscosity of greater than about log 4 (10,000) 
poise, and as it cools to room temperature, it gradually 
Solidifies and forms a glass. Pure calcia, magnesia and 
alumina melts are known to have very low Viscosities, e.g. 
in the range of 0.5-2.0 poise at their respective melting 
points. These materials do not Solidify into a glass as the 
melt cools but rather crystallize instantly at their sharply 
defined melting point. In a typical quaternary SiO 
Al-O-CaO-MgO glass composition with 55-60%. SiO, 
and 21-26% CaO, each oxide of the quaternary system 
contributes its unique characteristics toward its balance of 
melt properties. 

Based on the material properties of the constituents of the 
quaternary System for a glass composition having these 
components, it can be inferred that as SiO, which is the 
largest oxide component of the glass composition in terms of 
weight percent, is reduced in a given composition of this 
type, the melt Viscosity and the resulting log 3 forming 
temperature drops. If CaO, which is the Second largest 
component of the glass composition in terms of weight 
percent, or MgO is increased in Such a composition, the 
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effect of RO (CaO+MgO) on the glass properties will be 
twofold. More specifically, it will not only increase the 
fluidity of the resulting melt (i.e. decrease its Viscosity and 
the forming temperature) but it will also increase the crys 
tallizability of the resulting melt (i.e. increase its liquidus 
temperature), and therefore reduce the AT. 
AS a result, although not required, in one nonlimiting 

embodiment of the present invention, the glass compositions 
have (1) the lowest SiO content that will yield the lowest 
log 3 forming temperature, which in the present invention is 
below 1240° C., preferably below 1220° C. in combination 
with (2) the ratio of SiO, to RO that yields the process 
required AT, which in the present invention is at least 50 C. 
Based on the forgoing and although not required in the 
practice of the invention, in one nonlimiting embodiment of 
the present invention, the Silica level is preferably no greater 
than 62 wt % SiO, in order to promote a lower log 3 
forming temperature. In other nonlimiting embodiments of 
the present invention, the glass compositions have no greater 
than 60 wt % SiO, and no greater than 58 wt % SiO2. 

In general, MgO is included in a glass fiber forming 
composition because it has been found that the heating and 
melting profile of a glass fiber composition, and in particular 
the liquidus temperature, can be controlled and in particular 
optimized by controlling the amount of MgO. More 
particularly, by regulating the amount of MgO, the liquidus 
temperature can be Selected to provide a delta T of at least 
50° C. In addition, it has been determined that a eutectic 
exists in a generic quaternary SiO2. Al-O-CaO-MgO 
system at around 2.5-2.8 wt % MgO. For a discussion of the 
eutectic reference may be had to WO 00/73231 which 
document is hereby incorporated by reference. 
The value of the SiO/RO ratio can be manipulated by 

changing the amount of SiO2 and/or RO to produce a glass 
composition having a AT as close as possible to the mini 
mum desire AT. A decrease in the value of SiO2/RO, which 
is indicative of a reduction in the wt % of SiO, and/or an 
increase in the wt % of CaO and/or MgO, or any change or 
combination of changes in the wt % of the SiO, CaO and/or 
MgO, will effect the melt viscosity and AT, and will increase 
the crystallization potential. Conversely, an increase in the 
value of SiO/RO will effect the melt viscosity and AT, and 
will decrease the crystallization potential. It should be 
appreciated that if the value of SiO/RO ratio drops too low, 
AT can drop to an unacceptable level. Although not required, 
in one nonlimiting embodiment of the present invention, 
SiO/RO is no greater than 2.40. In other nonlimiting 
embodiments, SiO2/RO is no greater than 2.35, or no greater 
than 2.30, or no greater than 2.25, or no greater than 2.20. 
In still another nonlimiting embodiment of the invention, the 
value of SiO/RO ranges from 1.9 to 2.55, e.g. from 2.1 to 
2.55 for boron-free glasses and from 1.9 to 2.4 for boron 
containing glasses. 

In addition to the SiO level and the SiO/RO ratio, the 
following parameters also describe the compositional enve 
lope level of a quaternary glass composition: the SiO2/CaO 
ratio, the SiO/Al2O ratio, the Al-O/CaO ratio, the Sum of 
SiO2+Al-O , the difference between SiO-RO, and the 
Al-O/RO ratio. The following parameters describe the 
compositional envelope level of a glass composition con 
taining additional temperature modifying ingredients: the 
sum of R2O+RO+BO, where R2O=NaO+KO+LiO and 
the (SiO2+AlO)/(R-O--RO+BO) ratio. 
While the SiO/RO ratio at a given silica level describes 

the compositional effect of RO on the crystallization poten 
tial and melt fluidity, the SiO/CaO ratio shows only the 
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effect of CaO on the crystallization potential. If the MgO and 
the SiO2 levels are kept constant in a comparison of various 
melts, a decrease in the value of SiO/CaO will show an 
increase in crystallization potential due to the contribution of 
CaO and visa versa. The SiO-RO difference serves as a 
Similar indicator, i.e. a decrease in the difference or a Smaller 
difference is typically indicative of a greater relative amount 
of RO and thus an increase in the crystallization potential. 
And conversely, an increase in the difference or a larger 
difference in SiO-RO is indicative of a reduction in the 
crystallization potential. In one nonlimiting embodiment of 
the present invention, the SiO/CaO ratio of the glass 
composition ranges from 2.1 to 2.8, e.g. from 2.3 to 2.8 for 
boron-free glasses and from 2.2 to 2.7 for boron containing 
glasses. In another nonlimiting embodiment of the present 
invention, the SiO-RO difference of the glass composition 
ranges from 26.5 to 36.6 wt %, e.g. from 30.5 to 36.6 wt % 
for boron-free glasses and from 26.5 to 34.0 wt % for boron 
containing glasses. 

The Sum of SiO2+Al-O is another parameter that 
describes the compositional envelope of a given melt. Up to 
about an Al-O level of 14 to 15 wt %, Al-O is believed to 
be able to participate in the network formation with SiO, 
and counteract the crystallization potential of RO that is 
always present. At higher Al-O levels, e.g. greater than 15 
wt %, Al-O will begin to act much like RO and contribute 
to a rise of the crystallization potential of a given melt. Thus 
a lower value of SiO2+Al-O, which is indicative of a lower 
Al-O level for a glass composition of a given wt % of SiO, 
will typically result in a lower crystallization potential, and 
a greater value of SiO2+Al-O will typically result in a 
higher crystallization potential for a given melt. In one 
nonlimiting embodiment of the present invention, the SiO2+ 
Al-O Sum of the glass composition ranges from 66.0 to 73.7 
wt %, e.g. from 70.8 to 73.7 wt % for boron-free glasses and 
from 66.0 to 72.1 wt % for boron containing glasses. 

Similarly with respect to SiO/Al2O and based on the 
characteristics of the melt provided by the amount of Al-O, 
an increasing ratio value would be indicative of a reduction 
in the amount of Al-O and/or an increase in the amount of 
SiO2 and would be accompanied by a reduction in the 
crystallization potential of the melt. Conversely, a decreas 
ing ratio value would be accompanied by an increase in the 
crystallization potential of the melt. In one nonlimiting 
embodiment of the present invention, the SiO/Al2O ratio 
of the glass composition ranges from 3.7 to 5.0, e.g. from 4.2 
to 5.0 for boron-free glasses and from 3.7 to 4.9 for boron 
containing glasses. 
AS mentioned above, other mathematical relationships of 

ingredients of glass compositions, e.g. the Al-O-CaO ratio, 
the Al-O/RO ratio, and the (SiO2+AlO)/(R2O+RO+ 
BO) ratio may be developed to characterize a given melt. 
In one nonlimiting embodiment of the present invention, the 
value of the Al-O/CaO ratio of the glass composition 
ranges from 0.5 to 0.6. In another nonlimiting embodiment 
of the present invention, the value of the Al-O/RO ratio of 
the glass composition ranges from 0.4 to 0.6, e.g. from 0.46 
to 0.53 for boron-free glasses and from 0.46 to 0.56 for 
boron containing glasses. In Still another nonlimiting 
embodiment of the present invention, the value of the 
(SiO2+AlO)/(R2O+RO+BO) ratio of the glass compo 
sition ranges from 2.0 to 3.0, e.g. from 2.3 to 3.0 for 
boron-free glasses and from 2.0 to 2.7 for boron containing 
glasses. Reference may be had to WO 01/32576 for addi 
tional discussion on the Al2O.CaO ratio, and the (SiO2+ 
AlO)/(R2O+RO+BO) ratio. 

The discussion will now be directed to additives to the 
batch materials to alter the forming temperature, the liquidus 
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8 
temperature and the delta T. AS previously discussed, boron 
is a material that is added to glass fiber compositions to 
reduce the forming temperature and the liquidus tempera 
ture. However, as discussed earlier, the inclusion of boron 
oxide results in the production of particulate emissions that, 
depending on the particulate level, may have to be removed 
from a melting furnace exhaust stream before being released 
into the environment. Although the amount of B.O. can be 
as high as 10 wt % in an E-glass composition, in the present 
invention, the glass composition has no boron or a low boron 
content, i.e. has a B.O. content in the range of 0 to 5.10 
wt %. In other nonlimiting embodiments of the present 
invention, the glass fiber composition has no greater than 4 
wt %, or no greater than 3 wt %, or no greater than 2 wt % 
BO. In another nonlimiting embodiment of the present 
invention, the glass composition is boron-free or essentially 
boron-free. As the term “essentially free” is used herein, the 
glass composition does not include an ingredient purposely 
added to the glass but found in the glass in trace amounts. 
In the practice of the invention, a glass having up to 0.05 
wt % BO is considered a boron free glass. 

Further, as previously discussed, fluorine is a material 
added to glass fiber compositions as a flux, however, 
because of the environmental concerns it is preferred not to 
include fluorine. Nevertheless because equipment is avail 
able to remove the fluorine from the exhaust gases, the 
invention may be practiced using fluorine. In one nonlim 
iting embodiment of the present invention, the glass com 
position has low fluorine content, in other words, a fluorine 
content no greater than 0.30 wt %. In another nonlimiting 
embodiment, the glass composition is essentially fluorine 
free, i.e. it includes no more than a trace amount of fluorine, 
which is considered herein to be up to 0.05 wt %. In still 
another nonlimiting embodiment, the glass composition 
does not include any fluorine. Except where otherwise 
indicated, the glass fiber forming compositions disclosed 
and discussed herein are essentially fluorine free and/or do 
not include any fluorine. 

Additional materials that can be added to the glass fiber 
composition to modify the melt properties, e.g. to reduce 
forming temperature and/or liquidus temperature of the glass 
include without limiting the glass compositions disclosed 
herein, are LiO, Na-O, ZnO, TiO, MnO and/or MnO. 
Alkali oxides are network terminators and tend to effect the 
melt properties. KO an alkali oxide is found in levels up to 
0.60 wt % in commercial clays and is not normally added as 
a separate ingredient to the batch materials; however, in the 
practice of the invention it may be added as a Separate 
material. In the practice of the invention alkali oxides up to 
2.00 wt %, preferably 1 wt % are present in the glass of one 
embodiment of the invention. In the instance where K-O is 
present in the clay, the difference is usually made up by 
additions of NaO and LiO. LiO is more effective in 
reducing the melt properties than NaO. In one non-limiting 
embodiment of the present invention, the glass composition 
includes 0 to 1.0 wt % LiO and/or 0 to 1.00 wt % NaO 
and/or 0 to 1 wt % K2O. Non-alkali oxide ingredients 
usually employed to reduce the melt properties are ZnO, 
TiO, MnO and/or MnO in amounts of about 0 to 1.5 wt % 
ZnO, 0 to 1.5 wt % TiO, 0 to 3 wt % MnO and/or 0 to 3 
wt % MnO. It is believed that levels of these materials less 
than 0.05 wt % would be considered either tramp amounts 
or So low that they will not materially impact the glass melt 
properties. As a result, in another non-limiting embodiment, 
0.05 to 1.5 wt % LiO and/or 0.05 to 1.0 wt % NaO and/or 
0.05 to 1.0 wt % KO and/or 0.05 to 1.5 wt % ZnO and/or 
0.05 to 1.5 wt % TiO, and/or 0.05 to 3 wt % MnO and/or 



US 6,962,886 B2 

0.05 to 3 wt % MnO are included in the glass composition. 
In still another nonlimiting embodiment of the invention, the 
glass composition includes 0.2 to 1 wt % LiO and/or 0.30 
to 1.0 wt % Na-O and/or 0.30 to 1.0 wt % KO and/or 0.2 
to 1 wt % ZnO and/or 0.05 to 1.1 wt % TiO, and/or up to 
1 wt % MnO and/or up to 1 wt % MnO. 
As mentioned above, the ratio (SiO2+AlO)/(R2O+RO+ 

BO) takes into account the wt % of the additions of BO, 
Na2O, K2O and Li2O that is (are) measured in the glass or 
batch materials regardless of the amount. Tramp amounts of 
these materials in the glass and/or batch are to be used to 
determine the value of the ratio. If any or all of the additions 
of BO, NaO, KO and LiO are not determined to be 
present in the glass and/or batch, the value of Zero is used for 
that ingredient in determining the value of the ratio. For 
example but not limiting to the invention, if Na2O, K2O and 
LiO are present and BO is not, the ratio (SiO2+Al-O)/ 
(R2O+RO+B.O) becomes (SiO2+AlO)/(R2O+RO). If 
none of the ingredients BO, Na2O, K2O and Li2O are 
determined to be present, the ratio becomes (SiO2+AlO)/ 
RO. In the claims when the ratio (SiO2+AlO)/(R2O+RO+ 
BO) is recited in a claim, if the ingredient is not recited in 
the claim, it is not used to determine the value of the ratio 
even though it is determined to be present in a glass covered 
by the claim. The preceding discussion is applicable to the 
other mathematical relationships, e.g. but not limiting 
thereto (RO+RO+BO). 

It should be appreciated that glass fiber compositions can 
include other oxides that are present as tramp materials. Such 
as BaO, ZrO, SrO and CrO, which are usually present in 
amounts of up to 0.1 wt %. 

Further, it should be appreciated that the glass composi 
tions disclosed herein can also include Small amounts of 
other materials, for example melting and refining aids, tramp 
materials or impurities. For example and without limiting 
the present invention, melting and fining aids, Such as Fe0, 
FeO and SO, are useful during production of the glass, 
but their residual amounts in the glass can vary and typically 
have minimal, if any, material effect on the properties of the 
glass product. In addition, Small amounts of the additives 
discussed above can enter the glass composition as tramp 
materials or impurities included in the raw materials of the 
main constituents, e.g. 0 to 0.5 wt % for SO, Fe0 and 
FeO. 
Shown in Table 1 are Several examples of glass compo 

sitions of an embodiment of the invention, which relates to 
the use of clay having high KO and low TiO2 levels in glass 
batch materials and to glass compositions having high levels 
KO and low levels of TiO, KO and TiO can be added to 
the batch materials but are not economically removed from 
the clays used as batch material. AS can be appreciated by 
those skilled in the art of glass melting and as discussed 
above, high KO levels, e.g. up to 0.70 wt % in the glass 
raises the forming temperature by as much as about 7 to 10 
C. in relation to a glass made from clay that introduces 0.10 
wt % KO. One embodiment of the present invention relates 
to an improved E-type glass having low weight percent 
BO, a forming temperature no greater than 1230 C., 
preferably no greater than 1222 C. and a delta T of at least 
50° C. and preferably up to 65° C. The following are the 
main constituents in wt % based on the total weight percent 
of the final glass composition. The K-O and TiO listed in 
the ranges below for commercial glasses may or may not be 
added to the batch as Separate ingredient. If the K-O and 
TiO2 are not added, it is expected that they would be present 
in the clay in varying wt % depending on the geographical 
location of the clay. Although the K-O and TiO would be 
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10 
present in the clay, the invention contemplates Separate 
additions of KO and/or TiO, to be within the ranges listed 
below. 

In those instances when the clay has high wt % of KO, 
e.g. 0.60 wt %, it is necessary to counteract the effect of the 
KO. More particularly, the KO increases the forming 
temperature; therefore, the ingredients in the batch materials 
have to be modified So as to maintain a low forming 
temperature, e.g. below 1240 C. In one embodiment of the 
invention Such a glass is as follows. 

most 

broad range preferred range preferred range 

SiO, (wt %) 52 to 60 54 to 59 55 to 58 
Al-O (wt %) 8 to 16 11 to 14 12 to 14 
CaO (wt %) 21 to 26 22 to 25 23 to 25 
MgO (wt %) 1 to 5 1 to 4 2 to 3 
KO (wt %) up to 1.00 0.30 to 1.00 O3O to O.80 
NaO (wt %) up to 1.00 0.30 to 1.00 O3O to O.90 
KO + NaO (wt %) 0.70 to 2.00 0.80 to 1.5 O.90 to 1.2O 
BOs (wt %) 1.00 to 3.50 1.10 to 2.00 1.20 to 1.50 
Fe-O (wt %) 0.10 to 0.50 0.15 to 0.45 O.2O to O40 
TiO, up to 2.0 up to 1.5 Up to 1.3 

The range provided for BO is not limiting to the 
invention, and it is recommended the level of boron be 
adjusted to meet local environmental regulations. AS Such, 
the invention may be practiced having levels of B.O. up to 
3.5 wt %. 

The glasses of the invention are further defined by one or 
more of the following relationships: 

broad range preferred range 

wt % of CaO and MgO 26 to 28 wt % 26 to 27.7O wt % 
(“RO) 
SiOfCaO 2.10 to 2.8O 2.20 to 2.70 
SiO/RO 1.90 to 2.55 1.90 to 240 
SiO/Al2O. 3.70 to S.OO 3.7 to 4.90 
Al-O/CaO 0.45 to 0.65 0.50 to 0.60 
SiO2 + Al2O 66 to 73.7O wt % 66 to 72.10 wt % 
SiO, - RO 26.56 to 36.60 wt %, 26.50 to 34 wt % 
Al-O/RO O.40 to O.60 0.46 to 0.56 
R2O + RO + B.O. 28.00 to 32.00 wt %. 28.00 to 31.00 wt % 
(SiO2 + Al2O3)f 2.OO to 3.OO 2.OO to 2.70 
(R2O + RO + B.O.) 
where R2O is equal to the sum of NaO + K.O. 

Table 1 contains experimental Samples A-E and illustra 
tive samples F and G of glass compositions incorporating 
features of the invention. The ranges for the glass compo 
Sitions listed on Table 1 are the minimum and maximum 
values for the glass compositions recited on Table 1, and for 
examples A-E, and F and G. More particularly, Table 1 
provides the following glass compositions. A glass compo 
Sition having the following ingredients: 

SiO, 55.00 to 58 percent by weight; 
Al2O 12.00 to 14.00 percent by weight; 
CaO 23.80 to 24.80 percent by weight; 
MgO 2.50 to 3.00 percent by weight; 
TiO, up to 0.60 percent by weight; 
NaO 0.40 to 0.50 percent by weight; 
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-continued -continued 

KO 0.40 to 0.60 percent by weight; NaO + KO 0.90 to 1.03 percent by weight; 
NaO + KO 0.85 to 1.50 percent by weight; Fe2O3 0.30 to 0.40 percent by weight; 
FeOs 0.20 to 0.40 percent by weight; 5 BOs 1.30 to 1.50 percent by weight, and 
BO 1.25 to 1.55 percent by weight; 

the following relationships: 
the following relationship of ingredients 

1O 

RO 26.49 to 27.00 wt % 
RO 26.25 to 27.6O wt % SiO/CaO 2.37 to 2.38 
SiOfCaO 2.20 to 2.40 SiO, RO 2.10 to 2.14 
SiO/RO 2.00 to 2.2O SiO2/Al2O 4.15 to 4.61 
SiO/Al2O. 3.95 to 4.70 15 Al-O, CaO O.51 to 0.57 
Al-O/CaO 0.50 to 0.60 SiO, + Al-O, 70.37 to 70.44 wt % 
SiO2 + Al2O 69.00 to 70.50 wt % SiO – RO 30.21 to 30.85 wt % 
SiO – RO 28.00 to 31.00 wt % Al2O/RO 0.46 to 0.52 
Al-O/RO O.45 to O.S.S R2O+ ROF BO, 28.94 to 29.20 wt % 
R2O + RO + BOs 28.90 to 30.00 wt % (SiO, + Al-O.)/(R2O + RO + B.O.) 2.41 to 2.43 
(SiO2 + Al-O.)/(R2O + RO + B.O.) 2.25 to 2.45 2O 

where R2O is equal to the sum of NaO+KO. The glasses 
where R2O is equal to the sum of Na2O+K2O has a have a log3 forming temperature in the range of 1218 

log3 forming temperature in the range of 1210 to to 1219 C. and AT is in the range of 52 to 58° C. 
1225° C. and AT is in the range of 52 to 65° C. The experimental or laboratory examples or Samples on 

Another glass composition defined by Examples A-E of 25 Table 1 discussed above and on Tables 2 to 19 to be 
Table 1 has the following ingredients discussed below, unless indicated otherwise, were prepared 

from certified or reagent grade oxides (e.g., pure Silica or 
calcia). Examples F and G on Table 1 and examples H and 
I on Table 2 are illustrative examples and were not prepared 

s' E. R E. 30 in the following manner. The batch Size for each example 
Co- 24.40 to 24.80 percent by weight, was 1000 grams. The individual batch ingredients were 
MgO 2.55 to 2.80 percent by weight; weighed out, combined and placed in a tightly sealed glass 
TiO, 0.55 percent by weight: jar or plastic container. The Sealed jar or container was then 
NaO 0.45 percent by weight; laced i haker for 15 mi bul KO 0.45 to 0.58 tb ight: placed in a paint Shaker for 15 minutes or in a tubular mixer 2 percent by weight; 
NaO + KO 0.90 to 1.03 percent by weight; 35 for 25 minutes to effectively mix the ingredients. A portion 
Fe2O3 0.25 to 0.38 percent by weight; of the batch was then placed into a platinum crucible, filling 
BO 1.30 to 1.50 percent by weight, and no more than % of its volume. The crucible was then placed 

in a furnace and heated at 1427 C. (2600 F) for 15 
minutes. The remaining batch was then added to the hot 

40 crucible and heated at 1427 C. (2600 F) for 15 to 30 
minutes. The furnace temperature was then raised to 1482 
C. (2700 F) and held there for 2 hours. The molten glass 

the following relationships: 

RO 26.95 to 27.56 wt % was then fritted in water and dried. The fritted samples were 
SiO/CaO 2.25 to 2.29 reheated to a temperature of 1482 C. (2700 F) and held at 
S. So i. i. 45 that temperature for 2 hours. The molten glass was then 
A6G6 0.51 to 0.56 fritted again in water and dried. 
SiO2 + Al2O 69.18 to 69.95 wt % The forming temperature, i.e. the glass temperature at a 

, 2. is wt % viscosity of 1000 poise, was determined by ASTM method 
R2O + RO + BOs 29.15 to 29.89 wt % C965-81, and the liquidus temperature by ASTM method 
(SiO2 + Al2O3)/(R2O + RO + B2O3) 2.31 to 2.40 50 C829-81. The log 3 forming temperature of the composi 

tions reported in Tables 1-20 were determined by a com 
parison of the glass against physical Standards Supplied by 
the National Institute of Standards and Testing (NIST). In 
the Tables, the majority of the reported log 3 forming 

55 temperatures is based on comparison to NIST 710A. Several 
of the reported log 3 forming temperatures are originally 
based on NIST 717A which uses a borosilicate standard; in 
those instances the values were converted to correspond to 
NIST 710A. Therefore all the log3 forming temperatures are 

60 considered to based on NIST 710A. 

where R2O is equal to the sum of NaO+KO. The 
glass composition has a log3 forming temperature in 
the range of 1156 to 1164 C. and AT is in the range 
of 54 to 65° C. 

Other glass compositions identified by Examples F and 
G of Table 1 have the following ingredients 

SiO, 56.70 to 57.85 percent by weight; Selected Samples had ingredients added that would be 
Al2O 12.55 to 13.67 percent by weight; found in the clays used in the batch material. Such as K2O, 
CaO 23.87 to 24.45 percent by weight; TiO, calcium fluoride, SrO and/or CrO. MgO 2.55 to 2.62 percent by weight; TO 0.05 to 0.34 percent by weight; The weight percent of the constituents of the composi 
Nao 0.44 to 0.455 percent by weight; 65 tions shown in Tables 1-19 except for Examples F to I are 
KO 0.45 to 0.51 percent by weight; based on the weight percent of each constituent in the batch. 

It is believed that the batch weight percent is generally about 
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the same as the weight percent of the melted Sample, except 
for glass batch materials that Volatilize during melting, e.g. 
boron, fluorine and moisture absorbing materials. In the case 
of boron, it is believed that the weight percent of BO in a 
laboratory sample will be 10 to 16 weight percent less than 
the weight percent of BOs in the batch composition, the 
precise loSS depending on the composition and melting 
conditions. In the case of fluorine, it is believed that the 
weight percent of fluorine in a laboratory test Sample will be 
about 50 percent less than the weight percent of fluorine in 
the batch composition, the precise loSS depending on the 
composition and melting conditions. In the case of CaO, 
CaO has an certified ignition loss 3-5 wt % (an average of 
4 wt %). The determination of the wt % of the batch 
materials for the samples listed on Tables 1-19 except for 
Examples F to I, through an oversight, did not take into 
account the ignition loSS. Therefore in practicing the 
invention, this fact should be taken into account. Because 
the 4 wt % error is minimal, the recitation of the wt % o of 
CaO recited in the claims covering the embodiments of the 
glass compositions listed on Tables 1-19 does not take into 
account the ignition loSS. Table 20 has production Samples, 
the analysis of the ingredients of the examples on Table 20 
were measured using XRF analysis. 
AS can be appreciated by those skilled in the art of 

converting data from laboratory melt Sample to data used to 
prepare batch materials for commercial glass production, the 
melting and fining conditions of the commercial furnace to 
be used to melt and fine the glass has to be taken into 
consideration. It is believed that glass fiber compositions 
made from commercial grade materials and melted under 
conventional operating conditions will have similar batch 
and melt weight percents as discussed above, with the 
precise loSS depending, in part, on the furnace operating 
temperature, through-put and quality of commercial batch 
materials. The amount of boron and fluorine reported in the 
tables takes into consideration the expected loss of these 
materials and represents the expected amount of the material 
in the glass composition. It should further be appreciated 
that the glass compositions disclosed herein can also include 
Small amounts of other materials, for example melting and 
refining aids, tramp materials or impurities. For example and 
without limiting the present invention, melting and fining 
aids, Such as SOs, are useful during production of the glass, 
but their residual amounts in the glass can vary and have no 
material effect on the properties of the glass product. In 
addition, Small amounts of the additives discussed above can 
enter the glass composition as tramp materials or impurities 
included in the raw materials of the main constituents. 

With reference to Tables 1-20, in each column of each 
Table, the upper portion of the column lists the wt % of the 
ingredients in the glass composition based on the batch 
materials as was discussed above. The middle portion of the 
column lists the mathematical relationship of the ingredients 
discussed above for the particular glass composition in the 
Same column to obtain the thermal properties listed in the 
bottom portion of the column e.g. forming temperature, 
liquidus temperature and delta T (except for certain com 
positions of Table 20 which is discussed below.) Table 20 
lists production glasses. The amount of each constituent of 
the commercial compositions shown in the Table 20 is the 
weight percent in the glass. The weight percent for the BO 
was determined using Neutron Transmission analysis tech 
niques and the weight percent for the remaining constituents 
was determined using X-ray fluorescence analysis (also 
referred to as “XRF analysis”), all of which are well known 
to those skilled in the art. 
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14 
Tables 2 through 19 include, but are not limited to glass 

compositions disclosed in U.S. patent application Ser. No. 
09/980,248, filed Nov. 28, 2001, in the name of Frederick T. 
Wallenberger for “Glass Fiber Compositions” (hereinafter 
“U.S. patent application Ser. No. 09/980,248'); in PCT 
International Application No. PCT/US01/27451, filed Sep. 
5, 2001, in the name of Frederick T. Wallenberger for “Glass 
Fiber Forming Compositions” (hereinafter “USPCT No. 
0.1127451); and in International Application No. PCT/ 
US00/14155. U.S. patent application Ser. No. 091980248 
and International Application No. PCT/US00/14155 are 
jointly referred to as “U.S. patent application Ser. No. 
09/980,248 Combined”. 

U.S. patent application Ser. No. 09/980,248 Combined 
and USPCT No. 01/27451 discloses base composition for 
the low boron glass fibers that are suitable for textiles and 
glass fiber reinforcements, that may be used in the practice 
of the present invention. In general, the base compositions of 
U.S. patent application Ser. No. 09/980248 Combined and 
USPCT No. 01/27451 include the following main constitu 
ents in weight percent ranges based on the total weight of the 
final glass composition with the exception that USPCT No. 
01/27451 glass compositions are boron free. 

mOst 
broad range preferred range preferred range 

SiO, (wt %) 52 to 62 52 to 61 53 to 59 
NaO (wt %) O to 2 up to 1.5 up to 1 
CaO (wt %) 16 to 25 2O to 25 22 to 24 
Al-O (wt %) 8 to 16 11 to 14 12 to 14 
FeO, (wt %) 0.05 to O.80 up to 0.5 up to 0.4 
KO (wt %) O to 2 Up to 1 up to 0.1 
BOs (wt %) 1 to 5 1 to 3.5 1 to 2.5 

In one embodiment the glass comparison of U.S. patent 
application Ser. No. 09/980,248 Combined, the glass com 
position can include on or more of the following materials 
in the following amounts. 

broad range preferred range 

LiO (wt %) O.O5 to 1.5 0.2 to 1 
ZnO (wt %) O.O5 to 1.5 0.2 to 1 
MnO (wt %) O.O5 to 3 up to 1 
MnO, (wt %) O.O5 to 3 up to 1 

For a complete discussion of the glass compositions dis 
closed in U.S. patent application Ser. No. 09 1980248 
Combined, and disclosed in USPCT No. 01/27451, refer 
ence should be made thereto. 
AS discussed above the examples of Table 1 incorporate 

features of one embodiment of the invention, a low boron 
glass composition (see the upper portion of the columns on 
Table 1) having a forming temperature below 1240° C., 
more preferably below 1225 C. and a delta T of greater than 
50° C. (see the lower portion of the columns on Table 1). The 
examples of Tables 1-20 include another feature of the 
invention, mathematical relationship of the ingredients in 
the glass composition (see middle portion of the columns on 
Tables 1-20) to provide a forming temperature below 1240 
C. and a delta T of greater than 50° C. (see the lower portion 
of the columns on Tables 1-20). The mathematical relation 
ship of the ingredients of the glass compositions on Table 1 
were discussed above. Tables 2-19 include, but are not 
limited to examples of glass compositions disclosed in U.S. 
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patent application Ser. No. 09/980248 Combined and/or in 
USPCT No. 01/27451. Additional examples within the 
Scope of the inventions of U.S. patent application Ser. No. 
09/980,248 Combined and/or in USPCT No. 01/27451 are 
included herein. For example, but not a complete 
relationship, examples 188-236 are selected from U.S. 
patent application Ser. No. 09/980,248 Combined and 
examples 7-24, 43-50,78-185, and 219–267 are selected 
from USPCT No. 01/27451. Examples A-E, 25, 30-32, 
60-75 are examples, among others, presented by this appli 
cation. The examples identified as Selected from U.S. patent 
application Ser. No. 09/980248 Combined and/or in USPCT 
No. 01/27451 and those added to the Tables by the instant 
disclosure are not complete. For a complete comparison 
reference may be had to U.S. patent application Ser. No. 
09/980,248 Combined and/or in USPCT No. 01/27451. 

For a better appreciation of the invention the Samples on 
Tables 2-19 are categorized according to the following types 
of glass compositions. 
Type-1 Glasses boron-free (Table 2) 
Type-2 Glasses up to about 5.10 wt % BO (Tables 3-11) 
Type-3 Glasses boron-free with lithium oxide (Tables 12 and 

13) 
Type-4 Glasses boron-free with lithium and zinc oxide 

(Tables 14 and 15) 
Type-5 Glasses boron-free with zinc oxide (Table 16) 
Type-6 Glasses up to 5 wt % BO with lithium oxide 

(Tables 17 and 18) 
Type-7 Glasses miscellaneous glass (Table 19) 
Table 20, as previously discussed includes production 

glasses. 
Table 2 (Typ 1 Glasses) includes glass compositions of a 

quaternary system that includes SiO in the range of 57–60 
wt %, preferably in the range of 57.25–59.50 wt % and more 
preferable in the range of 57.40-59.10; Al-O in the range 
of 12-14 wt %, preferably in the range of 12-13.50 wt % and 
more preferably in the range of 12.15-13.45 wt %, CaO in 
the range of 23-25 wt %, preferable in the range of 
23.50-24.50 wt % and more preferable in the range of 
23.70–24.20 wt %, and MgO in the range of 2–3 wt %, 
preferably in the range of 2.25-2.75 wt % and more pref 
erably in the range of 2.50-2.60 wt %. The glass composi 
tions of Table 2 further include TiO in the range of up to 
1.25 wt %, preferably in the range of 0.25-1.20 wt % and 
more preferably in the range of 0.50-1.15 wt %; Na-O in the 
range of 0.75–1.25, preferably in the range of 0.75-1.00 
wt % and more preferably in the range of 0.85–0.95 wt %; 
and Fe2O in the range of up to 0.50 wt %, preferably 
0.10-0.50 wt % and more preferably in the range of 
0.30-0.40 wt %. The compositions of Table 2 are boron free. 
Compositions 1-6 of Table 2 further include TiO2 in the 
range of 1.00-1.25 wt %, preferably in the range of 
1.00-1.20 wt % and more preferably in the range of 
1.05-1.15 wt %; Na-O in the range of 0.75–1.25, preferably 
in the range of 0.75-1.00 wt % and more preferably in the 
range of 0.85–0.95 wt %; and FeO in the range of up to 
0.35 wt %, preferably 0.10-0.30 wt % and more preferably 
in the range of 0.20-0.30 wt %. Compositions H and I 
include TiO2 in the range of 0-0.9 wt %, preferably in the 
range of 0.25-0.75 wt % and more preferably in the range 
of 0.50–0.6 wt %; Na-O in the range of 0.75–1.25, prefer 
ably in the range of 0.75-1.00 wt % and more preferably in 
the range of 0.85–0.95 wt %; and FeO in the range of up 
to 0.50 wt %, preferably 0.10-0.40 wt % and more prefer 
ably in the range of 0.30-0.40 wt %. 
A glass composition having the ingredients of Table 2 

within the above ranges and at least one of the following 
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relationships provides a glass composition having a forming 
temperature below 1240 C. and a delta T of greater than 50 
C., e.g.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 26 to 28 wt %, 26.00 to 27.25 wt % 
SiOfCaO 2.10 to 28O 2.30 to 2.8O 
SiO/RO 1.90 to 2.55 1.90 to 240 
SiO2/Al2O 3.70 to 5.00; 4.20 to 5.00 
Al-O/CaO O.40 to O.75 0.50 to 0.60 
SiO2 + Al2O 66 to 73.7 wt % 70.80 to 73.7 wt % 
RO + RO 27 to 28.15 wt 27.15 to 20 wt % 
(SiO2 + Al2O)/(RO + RO) 2.0 to 3.0 2.30 to 3.OO 
SiO, - RO 26.5 to 36.6 wt %, 30.50 to 36.60 wt % 
Al-O/RO 0.4 to 0.6 0.46 to 0.56 

The Type 1 glass compositions are not expected to have 
any LiO or KO, therefore R2O is equal to the wt % of 
NaO. 
AS can be appreciated, Table 2 also provides ranges for 

the ingredients and the relationships. For example, but not 
limiting to the invention, the ranges for the ingredients of the 
glass compositions listed on Table 2 are as follows: 

SiO, 57.45 to 59.05 percent by weight; 
Al2O 12.20 to 13.40 percent by weight; 
CaO 23.75 to 24.35 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 1.10 percent by weight: 
Na2O. 0.90 percent by weight, and 
Fe2O3 0.25 percent by weight. 

The range of the mathematical relationships of the ingre 
dients from Table 2 for the glass compositions listed on 
Table 2 is found in Table 21 in the column entitled “Type 1 
Glasses”. The glasses on Table 2 have a log3 forming 
temperature in the range of 1232 to 1240 C. and a AT in the 
range of 58 to 74° C. 

Table 2 also provides ranges for the Examples 1-6. More 
particularly, from Table 2 Example 1-6 glass compositions 
have the following ingredients and ranges: 

SiO, 57.45 to 59.05 percent by weight; 
Al2O 12.20 to 13.68 percent by weight; 
CaO 23.75 to 24.50 percent by weight; 
MgO 2.55 to 2.58 percent by weight; 
TiO, 0.55 to 1.10 percent byweight; 
NaO3 0.90 to 0.91 percent by weight, and 
Fe2O3 0.25 to 0.35 percent by weight. 

The range of the mathematical relationship of the ingre 
dients from Table 2 for the glass compositions of Examples 
1-6 can be found on Table 21 under Type 1 Glasses. The 
glass compositions of Examples 1-6 have a log3 forming 
temperature in the range of 1232 to 1240 C. and a AT in the 
range of 58 to 74° C. 

Further, Table 2 provides ranges for the Examples H and 
I. More particularly, from Table 2 Examples H and I glass 
compositions have the following ingredients and ranges: 

SiO, 
Al2O 

57.60 to 58.18 percent by weight; 
13.55 to 13.68 percent by weight; 
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CaO 23.75 to 24.50 percent by weight; 
MgO 2.55 to 2.58 percent by weight; 
TiO, 0.55 percent by weight; 
Na2O. 0.90 to 0.91 percent by weight, and 
Fe2O3 0.35 percent by weight. 

the ranges for the mathematical relationships of the ingre 
dients from Table 2 are as follows: 

RO 26.33 to 27.05 wt % 
SiO/CaO 2.35 to 2.45 
SiO/RO 2.13 to 2.2O 
SiO/Al2O. 4.25 
Al-O/CaO O.55 to O.58 
SiO2 + Al-O. 71.15 to 71.86 wt % 
SiO – RO 30.55 to 31.85 wt % 
Al-O/RO O.SO to O.52 
R2O - RO 27.24 to 27.95 wt % 
(SiO2 + Al-O.)/(R2O + RO) 2.55 to 2.64 

The glass compositions of Examples H and I have a log3 
forming temperature in the range of 1238 to 1240 C. and a 
AT of 55° C. 

Tables 3-11 (Type 2 Glasses) include glass compositions 
of a quaternary System that includes SiO2 in the range of 
50–60 wt %, preferably in the range of 52.25-59.00 wt % 
and more preferable in the range of 52.90-58.00 wt %; 
Al-O in the range of 10-14 wt %, preferably in the range 
of 11-14 wt % and more preferably in the range of 12-14 
wt %, CaO in the range of 21-26 wt %, preferable in the 
range of 21.50-25.50 wt % and more preferable in the range 
of 22-25 wt %, and MgO in the range of 1-4 wt %, 
preferably in the range of 1.25-3.50 wt % and more pref 
erably in the range of 1.45-3.25 wt %. The compositions of 
Tables 3-11 include BO in an amount within the range of 
greater than 0 to 5.10 wt %, e.g. 0.90–5.10 wt %. The 
compositions of Table 3-11 further contemplate TiO in the 
range of 0.25-1.25 wt %, more likely in the range of 
0.40-1.20 wt % and most likely in the range of 0.45-1.15 
wt %; Na-O in the range of 0.25-1.25, preferably in the 
range of 0.35–1.00 wt % and more preferably in the range 
of 0.40-0.95 wt %; KO expected in amounts up to 0.60 
wt %; and FeO in the range of up to 0.50 wt % preferably 
up to -0.45 wt % and more preferably up to 0.40 wt %. Other 
ingredients included in the glass compositions of Tables 
3-11 but not limited thereto are fluorine in amounts up to 
0.50 wt %; SrO in amounts up to 0.15 wt % and CrO in 
amounts up to 0.15 wt %. 
A glass composition having ingredients of Tables 3-11 

within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature below 1240 C. and a delta T of greater than 50 
C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 24 to 29 wt % 24.75 to 27.60 wt % 
SiOfCaO 2.10 to 28O 2.15 to 2.75 
SiO/RO 1.95 to 2.55 1.90 to 240 
SiO/Al2O. 3.70 to S.OO 3.70 to 4.90 
Al2O/CaO 0.45 to 0.65 0.45 to 0.65 

66 to 73.7 wt % 
27.5 to 34 wt % 

66 to 72.1 wt % 
28 to 33 wt % 

SiO2 + Al2O 
RO + RO + BOs 
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-continued 

Relationship Broad Range Preferred Range 

(SiO2 + Al-O.)f 2.OO to 3.00 2.OO to 2.70 
(RO + RO + BOs) 
SiO – RO 
Al-O/RO 

26.5 to 36.6 wt % 
O40 to O.60 

26.5 to 34 wt % 
0.46 to 0.56 

Type 2 glasses of Tables 3-11 do not consider LiO as an 
ingredient; therefore for Tables 3-11, R2O is equal to the 
sum of the wt % of KO and NaO. If one of the ingredients 
is not present in the glass it is given a 0 wt %. For the glasses 
listed on each of the Tables 3,4,6,7, 10 and 11, only the 
addition of Na-O is considered; therefore for the glasses on 
the individual Tables 3,4,6,7,10 and 11, R20 is equal to the 
wt % of NaO. For the glasses listed on the individual Tables 
5.8 and 9, Na-O and KO are considered; therefore for the 
glasses on the individual Tables 5,8 and 9, R2O is equal to 
the sum of the wt % of Na-O and KO. 
AS can be appreciated, each of the Tables 3-11 provides 

ranges for the ingredients and the relationships. For example 
and not limiting to the invention, Tables 3-11 provide glass 
compositions having the following ingredients in the fol 
lowing ranges: 

SiO, 53.00 to 57.75 percent by weight; 
Al2O 12.20 to 14 percent by weight; 
CaO 22.25 to 24.95 percent by weight; 
MgO 1.50 to 3.00 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
NaO 0.45 to 0.90 percent by weight; 
KO O to 0.38 percent by weight; 
Fe2O3 O to 0.30 percent by weight; 
BOs 1.30 to 5.02 percent by weight; 
F O to 0.50 percent by weight; 
SrO O to 0.13 percent by weight, and 
Cr2O O to 0.13 percent by weight. 

The mathematical relationship of the ingredients is found 
on Table 21 in the column entitled “Type 2 Glasses”. 

Table 3 provides glass compositions having ingredients in 
the following ranges: 

SiO, 56.00 to 56.65 percent by weight; 
Al2O 13.05 to 13.60 percent by weight; 
CaO 23.50 to 24.25 percent by weight; 
MgO 2.50 to 2.55 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O. 0.25 percent by weight, and 
BO 2.00 percent by weight. 

The ranges for the mathematical relationships of ingredi 
ents of the glass compositions on Table 3 from Table 3 are 
as follows: 

RO 26.05 to 26.75 wt % 
SiOfCaO 2.31 to 2.41 
SiO/RO 2.09 to 2.17 
SiO2/Al2O 4.12 to 4.28 
Al-O/CaO O.56 to 0.57 
SiO2 + Al2O 69.60 to 69.95 wt % 
SiO – RO 29.25 to 30.60 wt % 
Al2O/RO O.SO to 0.52 
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28.95 to 29.65 wt % 
2.35 to 2.41 

The glass compositions of Table 3 have a log3 forming 
temperature in the range of 1200 to 1220 C. and a AT is in 
the range of 56 to 69° C. 

Table 4 provides glass compositions having ingredients in 
the following ranges: 

SiO2 is 56.25 to 57.75 percent by weight; 
Al-O is 12.20 to 13.20 percent by weight; 
CaO 23.75 to 24.25 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 1.10 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O3 0.25 percent by weight, and 
BO 1.30 to 1.40 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients for the glass compositions of Table 4 from Table 
4 are as follows: 

RO 26.30 to 26.80 wt % 
SiOfCaO 2.32 to 2.43 
SiO/RO 2.10 to 2.2O 
SiO/Al2O. 4.26 to 4.73 
Al2O/CaO 0.51 to 0.56 
SiO2 + Al2O 69.45 to 69.95 wt % 
SiO, - RO 29.45 to 31.45 wt % 
Al2O/RO 0.46 to 0.50 
R2O + RO + BOs 28.50 to 29.OO wt % 
(SiO2 + Al-O.)/(R2O + RO + B.O.) 2.39 to 2.45. 

The glass compositions of Table 4 have a log3 forming 
temperature in the range of 1200 to 1218 C. and a AT in the 
range of 55° C. to 70° C. 

The glass compositions of Table 5 have the following 
ingredients in the following ranges: 

SiO, 55.19 to 56.00 percent by weight; 
Al2O 13.10 to 13.80 percent by weight; 
CaO 24.50 to 24.67 percent by weight; 
MgO 2.55 to 2.95 percent by weight; 
TiO, 1.10 percent by weight; 
NaO 0.45 percent by weight; 
KO 0.45 to 0.58 percent by weight; 
Fe2O3 0.25 to 0.38 percent by weight, and 
BOs 1.30 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 5 from Table 
5 are as follows: 

RO 27.08 to 27.45 wt % 
SiOfCaO 2.25 to 2.28 
SiO/RO 2.01 to 2.07 
SiO2/Al2O 4.01 to 4.19 
Al-O/CaO O.53 to O.56 
SiO2 + Al2O 68.75 to 69.37 wt % 
SiO – RO 27.78 to 28.92 wt % 
Al2O/RO 0.48 to 0.51 
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29.28 to 29.74 wt % 
2.31 to 237 

The glass compositions of Table 5 have a log3 forming 
temperature in the range of 1210 to 1222 C. and a AT in the 
range of 53 to 79° C. 

Table 6 provides glass compositions having ingredients in 
the following ranges: 

SiO, 56.15 to 57.50 percent by weight; 
Al2O 13.25 to 13.95 percent by weight; 
CaO 24.40 to 24.95 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 0.55 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O3 0.25 to 0.35 percent by weight, and 
BOs 1.30 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 6 from Table 
6 are as follows: 

RO 26.95 to 27.50 wt % 
SiOfCaO 2.25 to 2.36 
SiO/RO 2.04 to 2.14 
SiO/Al2O. 4.01 to 4.66 
Al2O/CaO O.54 to 0.57 
SiO2 + Al2O. 69.50 to 69.99 wt % 
SiO – RO 28.65 to 30.65 wt % 
Al-O/RO 0.46 to 0.51 
R2O + RO + BOs 29.15 to 29.7O wt % 
(SiO2 + Al2O)/(R2O + RO + B.O.) 2.34 to 2.40. 

The glass compositions of Table 6 have a log3 forming 
temperature in the range of 1211 to 1220 C. and a AT is in 
the range of 52 to 66° C. 

Table 7 provides glass compositions having ingredients in 
the following ranges: 

SiO, 55.25 to 56.15 percent by weight; 
Al2O 13.05 to 13.30 percent by weight; 
CaO 23.00 to 24.20 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 0.25 to 1.25 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O3 0.25 percent by weight; and 
BO 3.00 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 7 from Table 
7 are as follows: 

RO 25.55 to 26.75 wt % 
SiOfCaO 2.28 to 2.44 
SiO/RO 2O7 to 2.2O 
SiO/Al2O. 4.15 to 4.30 
Al2O/CaO O.55 to 0.56 
SiO2 + Al2O 68.20 to 69.20 wt % 
SiO – RO 28.45 to 30.60 wt % 
Al-O/RO O.SO to 0.51 
R2O + RO + BOs 29.45 to 30.65 wt % 
(SiO2 + Al2O)/(R2O + RO + B.O.) 2.24 to 2.35 
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The glass compositions of Table 7 have a log3 forming 
temperature in the range of 1193 to 1212 C. and a AT is in 
the range of 64 to 90° C. 

Table 8 provides glass compositions having ingredients in 
the following ranges: 

SiO, 54.12 to 55.25 percent by weight; 
Al2O 13.20 to 13.40 percent by weight; 
CaO 24.20 to 24.55 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 0.55 percent by weight; 
NaO 0.45 to 0.50 percent by weight; 
KO 0.45 to 0.55 percent by weight; 
Fe2O3 0.25 to 0.28 percent by weight; 
BO 3.00 percent by weight; 
F up to 0.20 percent by weight, and 
SrO up to 0.12 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 8 from Table 
8 are as follows: 

RO 26.75 to 27.55 wt % 
SiOfCaO 2.20 to 2.28 
SiO/RO 1.96 to 2.07 
SiO/Al2O. 4.06 to 4.15 
Al2O/CaO O.54 to OSS 
SiO2 + Al2O 67.55 to 68.55 wt % 
SiO, - RO 26.57 to 28.3O wt % 
Al2O/RO O.49 to 0.50 
R2O + RO + BOs 30.65 to 31.40 wt % 
(SiO2 + Al-O.), (R2O + RO + B.O.) 2.14 to 2.22 

The glass compositions of Table 8 have a log3 forming 
temperature in the range of 1190 to 1204 C. and a AT is in 
the range of 55 to 83° C. 

Table 9 provides glass compositions having ingredients in 
the following ranges: 

SiO, 53.00 to 53.50 percent by weight; 
Al2O 13.10 to 14.00 percent by weight; 
CaO 24.00 percent by weight; 
MgO 1.25t 2.50ercent by weight; 
TiO, 0.50 percent by weight; 
NaO 0.90 percent by weight; 
KO 0.37 percent by weight; 
Fe2O3 0.10 percent by weight; 
BO 4.93 to 5.02 percent by weight; 
F 0.50 percent by weight; 
SrO 0.13 percent by weight, and 
Cr2O 0.13 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 9 from Table 
9 are as follows: 

RO 25.50 to 26.5O wt % 
SiOfCaO 2.21 to 2.23 
SiO/RO 2.OO to 210 
SiO/Al2O. 3.82 to 4.05 
Al2O/CaO O.55 to O.58 
SiO2 + Al2O 66.10 to 67.50 wt % 
SiO – RO 26.50 to 28.00 wt % 
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Al2O/RO O.49 to O.S.S 
R2O + RO + BOs 31.70 to 32.79 wt % 
(SiO, + Al-O.)/(R2O + RO + B.O.) 2O2 to 2.13 

The glass compositions of Table 9 have a log3 forming 
temperature in the range of 1167 to 1177 and a AT is in the 
range of 57 to 69° C. 

Table 10 provides glass compositions having ingredients 
in the following ranges: 

SiO, 55.40 to 57.75 percent by weight; 
Al-O. 12.20 to 13.80 percent by weight; 
CaO 22.25 to 24.85 percent by weight; 
MgO 2.05 to 2.60 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O3 0.25 percent by weight, and 
BO 1.00 to 3.00 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 10 from Table 
10 are as follows: 

RO 26.80 to 27.35 wt % 
SiO/CaO 2.23 to 2.55 
SiO/RO 2.05 to 2.27 
SiO/Al2O. 4.04 to 4.69 
Al2O/CaO O.51 to O.59 
SiO2 + Al-O. 69.OO to 70.95 wt % 
SiO – RO 28.05 to 32.55 wt % 
Al2O/RO 0.46 to 0.53 
R2O + RO + BOs 28.15 to 30.25 wt % 
(SiO2 + Al-O.)f 2.28 to 2.67 

The glass compositions of Table 10 have a log3 forming 
temperature in the range of 1202 to 1240 C. and a AT is in 
the range of 53 to 100° C. 
The glass compositions listed on Table 10 and the glasses 

within the scope of the embodiment of Table 10 have a 
forming temperature in the range of 1202 to 1240 C. It 
should be noted that the measured delta T for Example 91 
was 34 C.; it is believed that this is a measuring error the 
liquidus temperature because the glass composition of 
Example 90 has similar ingredients, a lower liquidus tem 
perature and a delta T of 100° C. Therefore the delta T of 
Example 91 is considered to be about 90° C. The preferred 
glass compositions from Table 10 are those that provide the 
forming temperature range 1202 to 1219 C. and a delta T 
greater than 5 C., more particularly Examples 78-91. 
The glass compositions of Examples 78-91 of Table 10 

from Table 10 have the following ingredients in the follow 
ing ranges: 

SiO, 55.40 to 56.65 percent by weight; 
Al2O 13.05 to 13.80 percent by weight; 
CaO 23.00 to 24.85 percent by weight; 
MgO 2.50 to 2.55 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
NaO 0.90 percent by weight; 



US 6,962,886 B2 

-continued 

Fe2O3 0.25 percent by weight, and 
BO 2.00 to 3.00 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Examples 78-91 of 
Table 10 from Table 10 are as follows: 

RO 25.55 to 27.35 wt % 
SiOfCaO 2.23 to 2.44 
SiO/RO 2.03 to 2.20 
SiO/Al2O. 4.06 to 4.34 
Al-OfCaO O.54 to O.57 
SiO2 + Al2O 68.95 to 69.95 wt % 
SiO – RO 28.05 to 30.60 wt % 
Al-O/RO 0.49 to 0.53 
R2O + RO + BOs 28.95 to 30.25 wt % 
(SiO2 + Al2O3)/ 2.28 to 2.41 

The glass composition of Examples 78-91 have a log3 
forming temperature in the range of 1202 to 1219 C. and a 
AT is in the range of 53 to 100° C. 

The glass compositions of Table 11 from Table 11 have 
the following ingredients in the following ranges: 

SiO, 56.10 to 57.75 percent by weight; 
Al2O 12.20 to 13.38 percent by weight; 
CaO 23.75 to 24.42 percent by weight; 
MgO 2.55 percent by weight; 
TiO, 0.55 to 1.10 percent by weight; 
NaO 0.90 percent by weight; 
Fe2O3 0.25 percent by weight; and 
BO 1.30 to 1.40 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 11 from Table 
11 are as follows: 

RO 26.30 to 26.97 wt % 
SiOfCaO 2.30 to 2.43 
SiO/RO 2.08 to 2.20 
SiO/Al2O 4.19 to 4.73 
Al-OfCaO 0.51 to 0.54 
SiO2 + Al2O 69.48 to 69.95 wt % 
SiO, - RO 29.13 to 31.45 wt % 
Al-O/RO 0.46 to 0.50 
R2O + RO + BOs 28.60 to 29.17 wt % 
(SiO2+ Al2O)f 2.38 to 2.44 

The glass compositions of Table 11 have a log3 forming 
temperature in the range of 1215 to 1218 C. and a AT in the 
range of 63° C. to 65° C. 

Tables 12 and 13 (Type 3 Glasses) include glass compo 
Sitions of a quaternary System that includes SiO2 in the range 
of 55-62 wt %, preferably in the range of 56-61 wt % and 
more preferably in the range of 57.5-61 wt %; Al-O in the 
range of 10-14 wt %, preferably in the range of 11-14 wt % 
and more preferably in the range of 11.75-13.75 wt %, CaO 
in the range of 20–26 wt %, preferable in the range of 
21.50-25.00 wt % and more preferable in the range of 
21.75-24.50 wt %, and MgO in the range of 1-4 wt %, 
preferably in the range of 1.35-3.50 wt % and more pref 
erably in the range of 1.60-3.25 wt %. The compositions of 
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Tables 12 and 13 are boron free. The compositions of Tables 
12 and 13 contemplate a TiO in the range of 0.25-1.75 
wt %, more likely in the range of 0.40-1.60 wt % and most 
likely more preferably in the range of 0.45-1.55 wt %; NaO 
in amounts up to 0.75 wt %, preferably in amounts up to 0.70 
wt % and more preferably in amounts up to 0.65 wt %; LiO 
in amounts in the range of 0.10 to 1.25 wt %, preferably in 
the range of 0.20 to 1.10 wt %, and more preferably in the 
range of 0.30 to 1.00 wt %, and FeO in the range of up to 
0.50 wt %, preferably up to 0.45 wt % and more preferably 
up to 0.30 wt %. 
A glass composition having ingredients of Tables 12 and 

13 within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature below 1240 C. and a delta T of greater than 50 
C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 23.50 to 27.50 wt %, 23.75 to 27.OO wt % 
SiOfCaO 2.10 to 280 2.30 to 280 
SiO/RO 1.90 to 2.55 2.10 to 2.55 
SiO2/Al2O 3.70 to S.OO 4.20 to 5.00 
Al-O/CaO 0.45 to 0.65 0.45 to 0.60 
SiO2 + Al2O 66 to 73.7 wt % 70.8 to 73.7 wt % 
RO + RO 24.75 to 28 wt % 25 to 27.75 wt % 
(SiO2 + Al2O3)f 2.00 to 3.00 2.30 to 3.00 
(RO + RO) 
SiO – RO 26.5 to 36.6 wt % 30.50 to 36.6 wt % 
Al-O/RO O40 to O.60 0.46 to 0.53 

The Type 3 Glasses do not consider the addition of K2O; 
therefore for Type 3 Glasses R2O is equal to the sum of the 
wt % of NaO and LiO. 
AS can be appreciated, each of the Tables 12 and 13 

provides ranges for the ingredients and the relationships. 
More particularly, the glass compositions of Tables 12 and 
13 from Tables 12 and 13 have the following ingredients in 
the following ranges: 

SiO, 57.65 to 60.75 percent by weight; 
Al2O 12.00 to 13.64 percent by weight; 
CaO 22 to 24.155 percent by weight; 
MgO 1.70 to 3.40 percent by weight; 
TiO, 0.50 to 1.50 percent by weight; 
NaO 0.30 to 0.60 percent by weight; 
LiO 0.30 to 1.00 percent by weight, and 
FeOs up to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Tables 12 and 13 
from Tables 12 and 13 are on Table 21 under the column 
entitled “Type 3 Glasses”. The glass compositions of Tables 
12 and 13 have a log3 forming temperature in the range of 
1205 to 1240° C., and a AT in the range of 50 to 100° C. 
The glass compositions of Table 12 from Table 12 have 

the following ingredients in the following ranges: 

SiO, 58.25 to 59.97 percent by weight; 
Al2O 12.19 to 13.64 percent by weight; 
CaO 22.04 to 23.65 percent by weight; 
MgO 2.50 to 3.12 percent by weight; 
TiO, 0.50 to 1.50 percent by weight; 
NaO up to 0.30 percent by weight; 
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LiO 0.90 to 0.91 percent by weight, and 
Fe2O3 0.20 to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 12 are as 
follows: 

RO 24.94 to 26.20 wt % 
SiOfCaO 2.47 to 2.72 
SiO/RO 2.23 to 2.40 
SiO/Al2O 4.31 to 4.92 
Al-O/CaO O.55 to O.59 
SiO2 + Al2O 71.55 to 73.03 wt % 
SiO – RO 32.15 to 34.91 wt % 
Al-O/RO 0.48 to 0.52 
R2O - RO 25.84 to 27.10 wt % 
(SiO2 + Al2O3)/ 2.64 to 2.79 
(R2O + RO) 

The glass compositions of Table 12 have a log3 forming 
temperature in the range of 1211 C. and to 1218 C., and a 
AT in the range of 56 to 68 C. 

The glass compositions of Table 13 from Table 13 have 
the following ingredients in the following ranges: 

SiO, 57.65 to 60.75 percent by weight; 
Al2O 12.00 to 13.40 percent by weight; 
CaO 22.00 to 24.15 percent by weight; 
MgO 1.70 to 3.12 percent by weight; 
TiO, 0.50 to 1.50 percent by weight; 
NaO 0.45 to 0.90 percent by weight; 
LiO 0.45 to 1.00 percent by weight, and 
Fe2O3 up to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 13 from Table 
13 is as follows: 

RO 24.25 to 26.70 wt % 
SiOfCaO 2.39 to 2.72 
SiO/RO 2.16 to 2.51 
SiO/Al2O 4.30 to 4.92 
Al-OfCaO O.SO to O.59 
SiO2 + Al2O 71.05 to 73.67 wt % 
SiO – RO 31.35 to 36.56 wt % 
Al-O/RO O.47 to O.S.S 
R2O - RO 24.91 to 27.90 wt % 
(SiO2 + Al2O3)/ 2.30 to 2.96 
(R2O + RO) 

The glass compositions have a log3 forming temperature 
in the range of 1205 to 1240 C. and a AT are in the range 
of 50 to 101° C. 

The glass compositions listed on Table 13 and the glasses 
within the scope of the embodiment of Table 13 have a 
forming temperature in the range of 1205 to 1240 C. and a 
delta T in the range of 50-100° C.; however the preferred 
glass compositions from Table 13 are those that provide the 
forming temperature range of 1205 to 1220 C. and more 
preferably in the range of 1205-1218 C. more particularly 
Examples 123,124,125,127-132, 147, 153, 155, 157, 160 
and 161 with the appropriate delta T, e.g. 50° C. or greater. 
The glass compositions of Examples 123,124,125, 

127-132,147,153, 155, 157, 160 and 161 from Table 13 
have the following ingredients in the following ranges: 

1O 
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SiO, 57.65 to 60.33 percent by weight; 
Al2O 12.22 to 13.40 percent by weight; 
CaO 22.00 to 24.15 percent by weight; 
MgO 2.30 to 3.40 percent by weight; 
TiO, 0.50 to 1.50 percent by weight; 
NaO up to 0.45 percent by weight; 
LiO 0.45 to 1.00 percent by weight, and 
Fe2O3 up to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of Examples 123,124,125,127-132, 147, 153, 
155, 157, 160 and 161 from Table 13 are as follows: 

RO 24.84 to 26.70 wt % 
SiOfCaO 2.39 to 2.72 
SiO/RO 2.16 to 2.42 
SiO/Al2O. 4.30 to 4.92 
Al2O/CaO O.52 to O.59 
SiO2 + Al2O 71.05 to 72.80 wt % 
SiO – RO 31.35 to 35.37 wt % 
Al-O/RO O.47 to O.52 
R2O - RO 25.74 to 27.60 wt % 
(SiO2 + Al2O3)f 2.30 to 2.81 
(R2O + RO) 

The glass compositions have a log3 forming temperature 
in the range of 1205 to 1220 C. and in the range of 1205 to 
1218 C., and a AT in the range of equal to and greater than 
50° C. and equal to and less than 60° C. 
The selection of the above examples is made based on the 

low forming temperature. AS can be appreciated, if a high 
delta T is of interest then Examples 135-141, for example, 
would be of interest because they have a delta T in the range 
of 77-100° C. 
The glass compositions of Examples 135-141 from Table 

13 have the follow ingredients in the following ranges: 

SiO, 59.55 to 60.57 percent by weight; 
Al-O. 12.25 to 13.10 percent by weight; 
CaO 22.31 to 23.85 percent by weight; 
MgO 1.70 to 3.10 percent by weight; 
Na2O up to 0.30 percent by weight 
TiO, 1.10 percent by weight, and 
LiO up to 0.60 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of Examples 135-141 from Table 13 is as 
follows: 

RO 24.01 to 25.95 wt % 
SiO/CaO 2.50 to 2.71 
SiO/RO 2.29 to 2.52 
SiO/Al2O. 4.62 to 488 
Al2O/CaO O.52 to O.59 
SiO2 + Al-O. 7180 to 73.67 wt % 
SiO – RO 33.60 to 36.56 wt % 
Al2O/RO O.47 to O.S.S 
R2O - RO 24.91 to 26.85 wt % 
(SiO2 + Al2O3)f 2.67 to 2.96 
(R2O + RO) 

The glass compositions have a log3 forming temperature 
in the range of 1234 to 1240 C., and a AT is in the range 
of 61 to 100° C. 
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Tables 14 and 15 (Type 4 Glasses) include glass compo 
Sitions of a quaternary System that includes SiO2 in the range 
of 55-62 wt %, preferably in the range of 56-61 wt % and 
more preferable in the range of 57-60 wt %; Ali03 in the 
range of 10-14 wt %, preferably in the range of 11-14 wt % 
and more preferably in the range of 12-13.75 wt %; CaO in 
the range of 21-26 wt %, preferable in the range of 
21.5-25.00 wt % and more preferable in the range of 
21.75–24.50 wt %, and MgO in the range of 1–3.25 wt %, 
preferably in the range of 1.50-3.00 wt % and more pref 
erably in the range of 1.75-2.75 wt %. The compositions of 
Tables 14 and 15 are boron free. The compositions of Tables 
14 and 15 contemplate TiO in the range of 0.25-1.75 wt %, 
more likely in the range of 0.40-1.50 wt % and most likely 
in the range of 0.45-1.25 wt %; LiO in amounts in the range 
of 0.25 to 1.25 wt %, preferably in the range of 0.30 to 1.10 
wt %, and more preferably in the range of 0.40 to 1.00 wt %, 
ZnO in amounts in the range of 0.25 to 1.25 wt %, preferably 
in the range of 0.30 to 1.15 wt %, and more preferably in the 
range of 0.40 to 1.10 wt %, and FeO in the range of up to 
0.50 wt %, preferably up to 0.35 wt % and more preferably 
up to 0.30 wt %. 
A glass composition having ingredients of Tables 14 and 

15 within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature below 1240 C. and a delta T of greater than 50 
C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 24 to 28 wt % 25.25 to 27.OO wt % 
SiO/CaO 2.10 to 2.80 2.30 to 2.60 
SiO/RO 1.90 to 2.55 2.10 to 2.55 
SiO2/Al2O 3.70 to S.OO 4.20 to 5.00 
Al2O/CaO 0.45 to 0.65 0.50 to 0.60 
SiO2+ Al-O. 68 to 73.7 wt % 70.8 to 72 wt % 
RO + RO 25 to 30 wt % 26.0 to 28 wt % 
(SiO2 + Al2O3)f 2.OO to 3.OO 2.30 to 3.OO 
(RO + RO) 
SiO, - RO 26.5 to 36.60 wt %, 30.5 to 36.60 wt % 
Al2O/RO O40 to O.60 0.46 to 0.53 

The Type 4 Glasses are shown only to have LiO; 
therefore for Type 4 Glasses R2O is equal to the wt % of 
LiO. 
AS can be appreciated, each of the Tables 14 and 15 

provides ranges for the ingredients and the relationships. 
More particularly, the glass compositions of Tables 14 and 
15 from Tables 14 and 15 have the following ingredients in 
the following ranges: 

SiO, 57.35 to 59.618.30 percent by weight; 
Al-O. 12.16 to 13.63 percent by weight; 
CaO 22.85 to 24.22 percent by weight; 
MgO 1.90 to 2.55 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
LiO 0.45 to 0.90 percent by weight; 
ZnO 0.45 to 1.00 percent by weight, and 
Fe2O3 up to 0.25 percent by weight. 

in the range of 1195 to 1229 C., and a AT is in the range of 
54 to 71 C. The ranges for the mathematical relationships 
of the ingredients of the glass compositions of Tables 14 and 
15 are found on Table 21 under the column entitled “Type 4 
Glasses”. The glass compositions have a log3 forming 
temperature. 

The glass compositions of Table 14 from Table 14 have 
the following ingredients in the following ranges: 
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SiO, 58.00 to 58.30 percent by weight; 
Al2O 13.03 to 13.33 percent by weight; 
CaO 22.85 to 23.84 percent by weight; 
MgO 2.50 to 2.55 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
LiO 0.90 percent by weight; 
ZnO 1.00 percent by weight, and 
Fe2O3 up to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 14 from Table 
14 are as follows: 

RO 25.40 to 26.34 wt % 
SiO/CaO 2.43 to 2.54 
SiO2/RO 2.20 to 2.29 
SiO/Al2O. 436 to 4.47 
Al2O/CaO O.55 to O.58 
SiO2 + Al-O. 7113 to 71.58 wt % 
SiO – RO 3166 to 32.75 wt % 
Al2O/RO 0.49 to 0.52 
R2O - RO 26.30 to 27.24 wt % 
(SiO2 + Al-O.)f 2.61 to 2.71 
(R2O + RO) 

The glass compositions have a log3 forming temperature 
in the range of 1204 to 1213 C., and a AT in the range of 
56 to 71° C. 
The glass compositions of Table 15 from Table 15 have 

the following ingredients in the following ranges: 

SiO, 57.35 to 59.61 percent by weight; 
Al2O 12.16 to 13.63 percent by weight; 
CaO 23.14 to 24.22 percent by weight; 
MgO 1.90 to 2.55 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
LiO 0.45 to 0.90 percent by weight; 
ZnO 0.45 to 1.00 percent by weight, and 
Fe2O3 up to 0.25 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 15 from Table 
15 are as follows: 

RO 25.64 to 26.60 wt % 
SiOfCaO 2.41 to 2.54 
SiO2/RO 2.18 to 2.29 
SiO/Al2O. 4.26 to 4.90 
Al2O/CaO O.SO to O.59 
SiO2 + Al2O 70.55 to 71.77 wt % 
SiO, - RO 31.15 to 33.61 wt % 
Al2O/RO O.47 to O.53 
R2O - RO 26.45 to 27.50 wt % 
(SiO2 + Al2O3)f 2.60 to 2.71 
(R2O + RO) 

The glass compositions of Table 15 have a log3 forming 
temperature in the range of 1195 to 1229 C., and a AT in the 
range of 54 to 59 C. 

Table 16 (Type 5 Glasses) include glass compositions of 
a quaternary System that includes SiO in the range of 55-62 
wt %, preferably in the range of 56-61 wt % and more 
preferable in the range of 58-60 wt %; Al-O in the range 
of 10-14 wt %, preferably in the range of 11.00-13.5 wt % 
and more preferably in the range of 11.75-13.25 wt %, CaO 
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in the range of 21-25 wt %, preferable in the range of 
21.25-24.00 wt % and more preferable in the range of 
21.25–23.00 wt %, and MgO in the range of 1-4.00 wt %, 
preferably in the range of 1.25-3.50 wt % and more pref 
erably in the range of 1.50-3.50 wt %. The compositions of 
Table 16 are boron free. The compositions of Table 16 
contemplate TiO in the range of 0.50-2.00 wt %, more 
likely in the range of 0.50-1.50 wt % and more preferably 
in the range of 0.75–1.25 wt %; Na-O in amounts in no 
greater than 2.00 wt %; preferably no greater than 1.50 wt %, 
and more preferably no greater than 1.25 wt %; ZnO in 
amounts in the range of 0.50 to 3.00 wt %, preferably in the 
range of 0.50 to 2.75 wt %, and more preferably in the range 
of 0.75 to 2.50 wt %, and Fe2O in the range of up to 0.50 
wt %, preferably in the range of up to 0.35 wt % and more 
preferably in the range of up to 0.30 wt %. 

Aglass composition having ingredients of Table 16 within 
the above ranges and at least one of the following relation 
ships provides a glass composition having a forming tem 
perature below 1240 C. and a delta T of greater than 50 C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 23 to 28 wt % 24.0 to 27.0 wt % 
SiOfCaO 2.10 to 28O 2.30 to 28O 
SiO/RO 1.90 to 2.55 2.10 to 2.55 
SiO/Al2O. 3.70 to S.OO 4.20 to 5.00 
Al2O/CaO 0.45 to 0.65 0.45 to 0.60 
SiO2 + Al2O 66 to 73.7 wt % 70.8 to 73.7 wt % 
RO + RO 25 to 28 wt % 26.0 to 27.0 wt % 
(SiO2 + Al-O.)f 2.OO to 3.OO 2.30 to 3.0 
(RO + RO) 
SiO – RO 30 to 39 wt % 31.50 to 37 wt % 
Al2O/RO O40 to O.60 0.46 o 0.53 

Type 5 Glasses were considered having NaO; therefore 
R2O is equal to the sum of Na-O in wt %. 
AS can be appreciated, Table 16 provides ranges for the 

ingredients and the relationships. More particularly, the 
glass compositions of Table 16 from Table 16 have the 
following ingredients in the following ranges: 

SiO, 58.70 to 59.00 percent by weight; 
Al2O 11.90 to 12.00 percent by weight; 
CaO 22.40 to 22.50 percent by weight; 
MgO 3.40 percent by weight; 
TiO, 1.00 percent by weight; 
NaO 0.90 percent by weight; 
ZnO 1.00 to 1.50 percent by weight, and 
FeO. up to 0.20 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Table 18 from Table 
16 are on Table 21 under the column entitled “Type 5 
Glasses”. The glass compositions of Table 16 have a log3 
forming temperature in the range of 1231 to 1234. C., and 
a AT in the range of 50 to 59° C. 

Tables 17 and 18 (Type 6 Glasses) include glass compo 
Sitions of a quaternary System that includes SiO2 in the range 
of 50-62 wt %, preferably in the range of 52-61 wt % and 
more preferable in the range of 53.50-60.25 wt %; Al-O in 
the range of 10-14 wt %, preferably in the range of 
11.00-14.00 wt % and more preferably in the range of 
11.90–13.75 wt %; CaO in the range of 21–26 wt %, 
preferable in the range of 22.00-25.00 wt % and more 
preferable in the range of 22.50-24.25 wt %, and MgO in the 
range of 1-4.00 wt %, preferably in the range of 1.50-3.00 
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30 
wt % and more preferably in the range of 2.25-2.75 wt %. 
The compositions of Tables 17 and 18 have B.O. in the 
range of 0.50-5.00 wt %, preferably in the range of 
0.50-4.00 and more preferably in the range of 0.75-3.25 
wt %. The compositions of Tables 17 and 18 contemplate 
further include TiO in the range of 0.25-2.00 wt %, more 
likely in the range of 0.35–1.50 wt % and most likely in the 
range of 0.40-1.25 wt %; NaO in amounts no greater than 
1.00 wt %; preferably no greater than 0.90 wt %, and more 
preferably no greater than 0.75 wt %; KO in amounts no 
greater than 0.50 wt %; preferably no greater than 0.35 wt %, 
and more preferably no greater than 0.20 wt %; LiO in 
amounts in the range of 0.10 to 1.25 wt %, preferably in the 
range of 0.20 to 1.10 wt %, and more preferably in the range 
of 0.25 to 1.00 wt %, and FeO in the range of 0.10-0.50 
wt %, preferably in the range of 0.15-0.50 wt % and more 
preferably in the range of 0.20-0.40 wt %. 
A glass composition having ingredients of Tables 17 and 

18 within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature below 1240 C. and a delta T of greater than 50 
C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 24 to 28 wt % 25.0 to 27.2O wt % 
SiOfCaO 2.10 to 280 2.20 to 270 
SiO/RO 1.90 to 2.55 1.90 to 240 
SiO2/Al2O 3.50 to S.OO 4.00 to 5.00 
Al2O/CaO 0.50 to 0.60 0.50 to 0.60 
SiO2 + Al2O 
RO + RO + B.O. 
(SiO2 + Al2O)/ 
(RO + RO + B.O.) 
SiO – RO 
Al-O/RO 

66 to 73.7 wt % 
25 to 32 wt % 
2.00 to 3.25 

67 to 72.1 wt % 
26.50 to 32 wt % 
2.30 to 3.00 

26.5 to 36.6 wt % 
O40 to O.60 

27 to 36.6 wt % 
0.46 to 0.56 

Type 6 Glasses of Tables 17 and 18 included LiO, KO 
and NaO: therefore R2O is equal to the sum in wt % of 
LiO, KO and NaO. Individual Table 17 includes LiO and 
NaO; therefore R2O for Table 17 is equal to the sum in 
wt % of LiO and NaO. Individual Table 18 includes LiO, 
KO and NaO; therefore R2O for Table 18 is equal to the 
sum in wt % of LiO, KO and NaO. 
AS can be appreciated, Tables 17 and 18 provide ranges 

for the ingredients and the relationships. More particularly, 
the glass compositions of Tables 17 and 18 have the fol 
lowing ingredients in the following ranges: 

SiO, 54.60 to 59.53 percent by weight; 
Al2O 12.16 to 13.63 percent by weight; 
CaO 22.87 to 24.05 percent by weight; 
MgO 2.00 to 2.55 percent by weight; 
TiO, 0.49 to 1.10 percent by weight; 
NaO O to 0.60 percent by weight; 
KO O to 0.10 percent by weight; 
LiO 0.30 to 0.91 percent by weight; 
Fe2O3 0.23 to 0.30 percent by weight, and 
BO 0.90 to 3.00 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Tables 17 and 18 are 
on Table 21 under the column entitled “Type 6 Glasses”. The 
glass compositions of Table 17 and 18 have a log3 forming 
temperature in the range of 1187 to 1239 C., and a AT in the 
range of 50 to 142 C. 
The glass compositions of Table 17 have the following 

ingredients in the following ranges: 
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SiO, 57.60 to 58.50 percent by weight; 
Al2O 12.76 to 13.43 percent by weight; 
CaO 23.40 to 23.84 percent by weight; 
MgO 2.50 percent by weight; 
TiO, 0.50 percent by weight; 
NaO up to 0.60 percent by weight; 
LiO 0.90 percent by weight; 
Fe2O3 0.23 percent by weight, and 
BO 1.00 to 1.20 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Tables 17 are as 
follows: 

RO 25.90 to 26.34 wt % 
SiO/CaO 2.42 to 2.48 
SiO/RO 2.19 to 2.24 
SiO/Al2O 4.30 to 4.47 
Al-OfCaO O.54 to O.57 
SiO2 + Al-O. 70.83 to 71.47 wt % 
SiO – RO 31.26 to 32.39 wt % 
Al-O/RO 0.49 to 0.52 
R2O + RO + BOs 27.80 to 28.44 wt % 
(SiO2 + Al-O.)/ 2.49 to 2.57 

Type 6 Glasses of Table 17 included LiO, KO and 
NaO; therefore R2O is equal to the sum in wt % of LiO, 
KO and NaO. 
The glass compositions of Table 17 have a log3 forming 

temperature in the range of 1192 to 1198 C., and a AT in the 
range of 55 to 63° C. 

The glass compositions of Table 18 have the following 
ingredients in the following ranges: 

SiO, 54.60 to 59.53 percent by weight; 
Al2O 12.16 to 13.63 percent by weight; 
CaO 22.93 to 24.05 percent by weight; 
MgO 2.00 to 2.55 percent by weight; 
TiO, 0.49 to 1.10 percent by weight; 
NaO up to 0.60 percent by weight; 
KO up to 0.10 percent by weight; 
LiO 0.30 to 0.91 percent by weight; 
Fe2O3 0.23 to 0.35 percent by weight, and 
BO 0.60 to 3.00 percent by weight. 

The ranges for the mathematical relationships of the 
ingredients of the glass compositions of Tables 17 are as 
follows: 

RO 25.80 to 26.60 wt % 
SiOfCaO 2.22 to 2.66 
SiO/RO 2.01 to 2.39 
SiO/Al2O 4.09 to 4.90 
Al-O/CaO O.51 to O.59 
SiO/Al2O 67.95 to 72.05 wt % 
SiO – RO 27.50 to 33.84 wt % 
Al-O/RO 0.46 to 0.53 
R2O + RO + BOs 26.70 to 31.10 wt % 
(SiO2 + Al2O3)/ 2.18 to 2.68 

The glass compositions of Table 18 have a log3 forming 
temperature in the range of 1187 to 1239 C., and a AT in the 
range of 50 to 42° C. 

The glass compositions listed on Table 18 and the glasses 
within the scope of the embodiment of Table 18 have a 
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forming temperature in the range of 1187 to 1239 C. and a 
delta T in the range of 50-142 C.; however the preferred 
glass compositions from Table 18 are those that provide the 
forming temperature range 1187 to 1220 C. (Examples 
188–213, 215-229, 213–235, 238-240, 242-260 and 
262-267) and more preferably in the range of 1187-1205 
C. (Examples 188–191, 194, 195, 198, 200, 201, 202-205, 
208, 209, 211-213, 215-219, 221-223, 225-229, 233-235, 
239, 242, 257 and 260). 
A glass composition having the ingredients in the ranges 

mentioned above for Table 18 and having the following 
relationships will provide glass compositions having a log3 
forming temperature in the range of 1187 to 1220 C., and 
a AT is in the range of 50 to 139° C.: 

RO 25.80 to 26.60 wt % 
SiOfCaO 2.22 to 2.66 
SiO/RO 2.01 to 2.39 
SiO/Al2O. 4.09 to 4.87 
Al2O/CaO O.51 to O.59 
SiO2 + Al2O 67.95 to 72.05 wt % 
SiO – RO 27.50 to 33.84 wt % 
Al-O/RO 0.46 to 0.53 
R2O + RO + BOs 26.70 to 31.10 wt % 
(SiO2 + Al2O3)f 2.18 to 2.68 

The glass compositions from Table 18 having a log3 
forming temperature in the range of 1187 to 1205 C., and 
a AT in the range of 50 to 124° C. have the following 
ingredients and the following ranges: 

SiO, 57.60 to 59.21 percent by weight; 
Al2O 12.16 to 13.63 percent by weight; 
CaO 22.87 to 24.06 percent by weight; 
MgO 2.36 to 2.50 percent by weight; 
TiO, 0.49 to 1.10 percent by weight; 
NaO up to 0.30 percent by weight; 
KO up to 0.09 percent by weight; 
LiO 0.70 to 0.90 percent by weight; 
Fe2O. 0.23 to 0.29 percent by weight, and 
BO 1.00 to 1.20 percent by weight; 

And the following relationships: 

RO 25.23 to 26.54 wt % 
SiO/CaO 2.40 to 2.57 
SiO/RO 2.17 to 2.32 
SiO/Al2O. 4.26 to 4.87 
Al2O/CaO O.52 to O.59 
SiO2 + Al-O. 7O63 to 71.73 wt % 
SiO – RO 31.06 to 33.61 wt % 
Al2O/RO O.47 to O.53 
R2O + RO + BOs 27.23 to 28.64 wt % 
(SiO2 + Al-O.)f 2.47 to 2.63 

The Selection of these examples is made based on the low 
forming temperature. Further examples 266-268 are glass 
compositions that have a low forming temperature with 0.30 
wt % LiO. Examples 265-268 define a range of ingredients 
and relationship of the ingredients to provide a low Li2O 
containing glass with low forming temperature. AS can be 
appreciated and as previously discussed, if a high delta T is 
of interest then Examples from Table 18 have a high delta T, 
e.g. above 75 C. may be selected to define glass composi 
tions. 
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Table 19 (Type 7 Misc. Glasses) includes glass compo 
Sitions of a quaternary System that includes SiO2 in the range 
of 56–60 wt %, preferably in the range of 57-59 wt % and 
more preferable in the range of 57.50-59 wt %; Al-O in the 
range of 10-14 wt %, preferably in the range of 11.00-14.00 
wt % and more preferably in the range of 11.50-14.00 wt %; 
CaO in the range of 21-25 wt %, preferable in the range of 
22.00-24.00 wt % and more preferable in the range of 
22.50-24.00 wt %, and MgO in the range of 2.004.00 wt %, 
preferably in the range of 2.00-3.00 wt % and more pref 
erably in the range of 2.25-2.75 wt %. The compositions of 
Table 19 include B.O. in the range of 0-1.50 wt %, 
preferably in the range of 0-1.25 wt % and more preferably 
in the range of 0-1.10 wt %. The compositions of Table 19 
contemplates further includes TiO2 in the range of 0.25-1.50 
wt %, more likely preferably in the range of 0.25-1.35 wt % 
and most likely in the range of 0.40-1.25 wt %; Na-O in 
amounts no greater than 1.25 wt %; preferably no greater 
than 1.10 wt %, and more preferably no greater than 1.00 
wt % o; ZnO in amounts no greater than 0.50 wt %; 
preferably no greater than 0.40 wt %, and more preferably 
no greater than 0.35 wt %; MnO in amounts no greater than 
4.00 wt %; preferably no greater than 3.50 wt %, and more 
preferably no greater than 3.25 wt %; MnO in amounts no 
greater than 4.00 wt %; preferably no greater than 3.50 wt %, 
and more preferably no greater than 3.25 wt %, and FeO. 
in the range of 0.10-0.50 wt %, preferably in the range of 
0.15-0.50 wt % and more preferably in the range of 
0.20-0.40 wt %. 
A glass composition having ingredients of Tables 19 

within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature below 1240° C. and a delta T of greater than 50 
C.: 

Relationship Broad Range Preferred Range 

RO (CaO + MgO) 24 to 27 wt % 25.OO to 26.5O wt % 
SiOfCaO 2.10 to 28O 2.20 to 270 
SiO/RO 1.90 to 2.55 1.90 to 240 
SiO2/Al2O 3.70 to S.OO 3.70 to 4.90 
Al2O/CaO 0.45 to 0.65 O.55 to O.60 
SiO2 + Al2O 
RO + RO + BO 
(SiO2 + Al2O3)f 
(RO + RO + B.O.) 
SiO – RO 
Al-O/RO 

66 to 73.7 wt % 
25 to 28 wt % 
2.OO to 3.OO 

66 to 72.1 wt % 
25.75 to 27.5O wt % 
2.OO to 2.75 

26.50 to 36.6 wt % 
O40 to O.60 

26.5 to 34.00 wt % 
0.46 to 0.56 

The Misc. Glasses included LiO and NaO; therefore R2O 
is equal to the sum in wt % of LiO and NaO. 

Table 19 provides the following ranges for the following 
ingredients: 

SiO, 57.72 to 58.70 percent by weight; 
Al2O 11.88 to 13.35 percent by weight; 
CaO 22.80 to 23.50 percent by weight; 
MgO 2.43 to 2.50 percent by weight; 
TiO, 0.50 to 1.10 percent by weight; 
Na2O. 0.87–0.90 percent by weight; 
Li2O O to 0.30 percent by weight; 
ZnO O to 0.30 percent by weight; 
Fe2O3 0.22-0.25 percent by weight; 
MnO 0.30 to 3.00 percent by weight; 
MnO, O to 3.00 percent by weight, and 
B.O. O to 1.00 percent by weight. 

The relationships for the ingredients of the glass compo 
sitions on Table 19 are as follows: 
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RO 25.23 to 26.00 wt % 
SiOfCaO 2.49 to 2.54 
SiO/RO 2.25 to 2.29 
SiO/Al2O. 4.40 to 4.90 
Al2O/CaO O.52 to O.57 
SiO2 + Al2O 69.52 to 72.05 wt % 
SiO, - RO 32.40 to 32.70 wt % 
Al2O/RO 0.47 to 0.51 
R2O + RO + BOs 26.10 to 27.30 wt % 
(SiO2 + Al2O3)f 2.59 to 2.74 

The glass compositions have a log3 forming temperature of 
in the range of 1219 to 1241. C., and a AT in the range of 
52 to 76° C. 

Table 20 (Production Glasses) Table 20 is a representation 
of commercial glasses having embodiments of the invention 
similar to the embodiment of the glass compositions of Table 
4. The glass compositions are of a quaternary System that 
includes SiO in the range of 55.97-57.07 wt %; Al-O in 
the range of 12.68-12.86 wt %, CaO in the range of 
23.91–24.69 wt % and MgO in the range of 2.42–2.60 wt %. 
The compositions of Table 20 include B.O. in the range of 
1.15–1.70 wt %; TiO in the range of 0.94–1.09 wt %; NaO 
in the range of 0.87–0.93 wt %; K2O in the range of greater 
than 0.050–0.070 wt %; SrO in the range of 0.040–0.050 
wt %; CrO in the range of 0.002–0.008 wt %; SO in the 
range of 0.018-0.032 wt %, and FeO in the range of 
O.255-0.278 wt %. 
A glass composition having ingredients of Tables 20 

within the above ranges and at least one of the following 
relationships provides a glass composition having a forming 
temperature in the range of 1203–1217 C. and a delta T in 
the range of 55-83 C. Several of the glass compositions do 
not have the forming and liquidus temperatures, and the 
delta T. The glass compositions without the temperatures 
and delta T were glass compositions made between glass 
compositions whose forming temperature, liquidus tempera 
ture and delta T were measured. AS indicated by the position 
on the Table which is in general in chronological order, it is 
expected that the glass compositions not measured would 
have temperature performances Similar to those that were 
measured. The mathematical relationships of the ingredients 
of the glass compositions on Table 20 are listed on Table 22 
in the column entitled “Production Glasses (contain boron)”. 
The R2O from the listed Production Glasses is equal to the 
sum in wt % of LiO and NaO. 
AS can now be appreciated, a range for each of the 

ingredients of the glass compositions of Types 1 and 2 
glasses (Tables 2-11) can be determined from Tables. More 
particularly, Tables 1 and 2 provide a quaternary System 
including SiO, Al-O, CaO and MgO and the ingredients of 
the glass having the relationship as shown in Table 22 under 
the column entitled “Types 1 & 2 Glasses”. Types 1 & 2 
Glasses included KO and NaO; therefore R2O is equal to 
the sum in wt % of K-O and NaO. 
The glass compositions having the following ingredients 

in the following ranges has a log3 forming temperature in 
the range of 1167 to 1240 C. and a AT in the range of 50 
to 100° C.: 

SiO, 
Al2O 

53.00. to 59.05 percent by weight; 
12.20 to 14.00 percent by weight; 
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CaO 22.25 to 24.95 percent by weight, and 
MgO 1.50 to 3.00 percent by weight, and 

composition may further include: 

TiO, 0.50 to 1.10 percent by weight; 
NaO 0.45 to 0.90 percent by weight; 
KO O to 0.58 percent by weight; 
Fe2O3 O to 0.50 percent by weight, and 
BO O to 5.02 percent by weight. 

Further as can be appreciated, a range for each of the 
ingredients for Type 3-6 glasses on Tables 12-19 can be 
determined by Selecting the lowest and highest values to 
define the range for an ingredient and/or relationship on 
Tables 12-19. More particularly Tables 12-19 provide glass 
compositions having a quaternary System including SiO, 
Al-O, CaO and MgO with the ingredients of the glass 
having the relationship shown on Table 22 under the column 
entitled “Types 3-6 Glasses”. Types 3-6 Glasses included 
LiO, KO and NaO; therefore R2O is equal to the sum in 
wt % of LiO, KO and NaO. 

The glass composition having the following ingredients in 
the following ranges has a log3 forming temperature in the 
range of 1187 to 1240 C. and a delta T in the range of 50 
to 142 C.: 

SiO, 54.60 to 60.75 percent by weight; 
Al2O 11.90 to 13.64 percent by weight; 
CaO 22.00 to 24.22 percent by weight, and 
MgO 1.90 to 3.40 percent by weight, and 

the composition may further include: 

TiO, 0.49 to 1.50 percent by weight; 
NaO O to 0.90 percent by weight; 
KO O to 0.10 percent by weight; 
ZnO 0.45 to 1.50 percent by weight; 
Li2O 0.30 to 1.00 percent by weight; 
Fe2O3 O to 0.35 percent by weight, and 
BO O to 3.00 percent by weight. 

Still further as can be appreciated, a range for each of the 
ingredients for boron free glasses: Type 1 Glasses (Table 2), 
Type 3 Glasses (Tables 12 and 13); Type 4 Glasses (Tables 
14 and 15); Type 5 Glasses (Table 16) and their relationship 
can be determined from Tables 2 and 12-16. More 
particularly, Tables 2 and 12-16 glass compositions having 
a quaternary System including SiO2, Al2O, CaO and MgO 
with the ingredients of the glass having the relationship 
shown on Table 22 under the column entitled “Types 1 &3-5 
Glasses”. Types 1 & 3-5 Glasses included LiO and NaO; 
therefore R2O is equal to the sum in wt % of LiO and 
NaO. Further Types 13&5 Glasses are boron free, therefore 
the formula “R2O+RO+BO" becomes “R2O+RO”. 

The glass compositions having the following ingredients 
in the following ranges has a log3 forming temperature in 
the range of 1195 to 1240 C. and a delta T in the range of 
50 to 100° C.: 

1O 

15 

25 

35 

40 

45 

50 

55 

60 

65 

36 

SiO, 57.45 to 60.75 percent by weight; 
Al2O 12.00 to 13.68 percent by weight; 
CaO 22.00 to 24.50 percent by weight; 
MgO 1.70 to 3.10 percent by weight, and 

the composition may further include: 

TiO, 0.50 to 1.50 percent by weight; 
NaO O to 0.91 percent by weight; 
ZnO O to 1.00 percent by weight; 
Li2O O to 1.00 percent by weight, and 
Fe2O3 O to 0.35 percent by weight. 

Still further as can be appreciated, a range for each of the 
ingredients for boron containing: Type 2 Glasses (Tables 
3-11) and Type 6 Glasses (Tables 17 and 18) and their 
relationship can be determined from Tables 3-11,17 and 18. 
More particularly, Tables 3-11, 17 and 18 glass composi 
tions having a boron containing (for example up to 5.05 

bX;1 wt %) quaternary System including SiO2, Al2O, CaO 
and MgO with the ingredients of the glass having the 
relationship shown on Table 22 under the column entitled 
“Types 2 & 6 Glasses”. Types 2& 6 Glasses included LiO, 
KO and NaO; therefore R2O is equal to the sum in wt % 
of LiO, KO and NaO. 
The glass compositions having the following ingredients 

in the following ranges has a log3 forming temperature in 
the range of 1167 to 1240 C. and a delta T in the range of 
50 to 142 C.: 

SiO, 53.00 to 59.53 percent by weight; 
Al2O 12.00 to 14.00 percent by weight; 
CaO 22.25 to 24.95 percent by weight, and 
MgO 1.50 to 3.00 percent by weight, and 

the composition may further include: 

TiO, 0.40 to 1.10 percent by weight; 
NaO O to 0.90 percent by weight; 
KO O to 0.30 weifht percent; 
F O to 0.50 percent by weight; 
SrO O to 0.13 percent by weight; 
Cr2O3 O to 0.13 percent by weight; 
Li2O O to 0.91 percent by weight, and 
Fe2O. O to 0.30 percent by weight. 

It will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
without departing from the broad inventive concept thereof. 
For example, but not limiting thereto, one, two, three or 
more or all of the formulas discussed above setting forth the 
mathematical relationship of the ingredients may be used to 
identify properties of a glass composition. Based on the 
description of the embodiments of the invention, it can be 
appreciated that this invention is not limited to the particular 
embodiments disclosed, but it is intended to cover modifi 
cations that are within the Spirit and Scope of the invention, 
as defined by the appended claims. 
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What is claimed is: 
1. A glass composition comprising: 

SiO, 55 to 58 percent by weight; 
Al2O 12 to 16 percent by weight; 
CaO 23 to 26 percent by weight; 
MgO 2.5 to 3 percent by weight; 
TiO, 0.5 to 2 percent by weight; 
NaO O to 1 percent by weight; 
KO O to 1 percent by weight; 
NaO + KO O to 2 percent by weight; 
Fe2O3 0.1 to 0.5 percent by weight; 
BO 1 to 2 percent by weight; 

wherein the glass composition has a log 3 forming tempera 
ture no greater than 1230° C. based on NIST 710A reference 
Standard, and the difference between the log3 forming 
temperature and the liquidus temperature is at least 50 C. 

2. The glass composition according to claim 1, wherein 
the TiO2 content is 0.5 to 1.5 percent by weight. 

3. The glass composition according to claim 1, wherein 
the glass composition has a B.O. content of 1.3 to 2 percent 
by weight. 

4. The glass composition according to claim 1, wherein 
the FeO content is 0.2 to 0.4 percent by weight. 

5. The glass composition according to claim 1, wherein 
the ratio of SiO to (CaO+MgO) is no greater than 2.2. 

6. The glass composition according to claim 1, wherein 
the ratio of SiO to (CaO+MgO) is from 2.0 to 2.2. 

7. The glass composition according to claim 1, wherein 
(NaO+KO) is no greater than about 1.03 percent by 
weight. 

8. The glass composition according to claim 1, wherein 
(Na2O+KO) is no greater than 1 percent by weight. 

9. The glass composition according to claim 1, wherein 
(NaO+KO+LiO) is no greater about 1.03 percent by 
weight. 

10. The glass composition according to claim 1, wherein 
(NaO+KO+LiO) is no greater than 1 percent by weight. 

11. The glass composition according to claim 1, wherein 
the glass composition has a forming temperature of no 
greater than 1220 C. based on an NIST 714 reference 
Standard. 

12. The glass composition according to claim 1, wherein 
the difference between the log3 forming temperature and the 
liquidus temperature is at least 60° C. 
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13. The glass composition according to claim 11, wherein 

the difference between the log3 forming temperature and the 
liquidus temperature is at least 60° C. 

14. A glass composition comprising: 

SiO, 55 to 58 percent by weight; 
Al2O 12 to 16 percent by weight; 
CaO 23 to 26 percent by weight; 
MgO 2.5 to 3 percent by weight; 
TiO, 0.5 to 2 percent by weight; 
NaO O to 1 percent by weight; 
KO O to 1 percent by weight; 
NaO + KO O to 2 percent by weight; 
Fe2O3 0.1 to 0.5 percent by weight; 
BO 1.3 to 2 percent by weight 

wherein the glass composition has a log 3 forming tempera 
ture no greater than 1230° C. based on NIST 710A reference 
Standard, and the difference between the log3 forming 
temperature and the liquidus temperature is at least 50 C. 

15. A glass composition comprising: 

SiO, 55 to 58 percent by weight; 
Al2O 12 to 16 percent by weight; 
CaO 23 to 26 percent by weight; 
MgO 2.5 to 3 percent by weight; 
TiO, 0.5 to 1.5 percent by weight; 
NaO O to 1 percent by weight; 
KO O to 1 percent by weight; 
NaO + KO O to 2 percent by weight; 
FeOs 0.1 to 0.5 percent by weight; 
BO 1.3 to 2 percent by weight 

wherein the glass composition has a log 3 forming tempera 
ture no greater than 1220 C. based on NIST 710A reference 
Standard, and the difference between the log3 forming 
temperature and the liquidus temperature is at least 60° C. 
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Tramples 

SiO, 53.0053,05350 
AOT1303.54.00 
CaO 2400 T 2402400 
MgO O250250 150 
ODOS 5.050 

Nao O090900-90 
KOOO.3037037 

RO (CaO e MgO 255026525.50 
SiO.Ca2222223 
SiOROC2002.0020 
SiOAO,053,93382 
ACCaCosso.56 loss 

6610 665 
R2OROBC 32.7932037 
SiAR2OROB) 202 2.03 2.13 
SiO - Ro T26,5026523.00 
Al-O-RO 90,5055 
CHL H 

Log3 FTC in 2177 
Liquidus c 101322 
Delta. CIS T6957 

  

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 11 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 9, add Table 10. 

Table 10-Type 2 Glasses 
. . . . . . 

SOT 554055.8052055,556555,6553554.056.056.056.005655 
AT 1363. 35.32350 T35 13340.6836. 305 

2.2523.50 

2.28 2.33 
SORO 2032,062,2262.120520222092.120927 SCAO 47416 4 3 22 44 4.09 40 42 4.2 
AOJCao 05:05:3057 057 057 0.550,566,550,5605 056 0.56 
SiO, AO, 69 of 6920.6986895 69.95 6920 - 694059.80 6960s, 80 69.60 69.70 
29R989 3.25a529,45297029330.05 295 295 29.65 295 T2s65 28.95 
Satraord BT2282,302,372.322392,302.32 T-237235 T2.37235 2.4 
SC-ROT280528,6529.552995 2995 28:45.2835 295 29.2529,452925.3060 

Delta. TG455 T-87780 5533 7 68 5s 37 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 12 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 10 add Table 10 Continued. 

Table 10-Type 2 Glasses (Cont'd) 

as TTE's Tag Components we gogg2 Tiga gags g697 g899 
So T 56.25 T56 s 57.757.7556.755 15 57255855 57255625 
Also, 13.203053:20 220 1320 3053:2012-2012, 2013:20 
CaO T 2325-2300 24252425242524.0024.2523.45 23,7523.75 MgO255.255.250250,250.255.250 2,552.50250 

ROT 258 25.5526.7526.75 T267526,5526.75 26.00 s 26.00 2625 26.25 

SORO 2.8 220 2.16 2.6 2.2 2.5 2.4 2.25 2.18 214 
SOAO3 T 426 430 438 473 4.30 4.38 4.33 480 4.69 .426 
ACCaC 0.56 - 0.56 0.54 0.50 0.54 0.54 0.54 0.52 0.5 T. OS6 
SOAO3 69,4569.207995. 69.956995 7020 70,7569.45 T5935 
20R950 29,7029.45 28.65 2865. 28.65 28:45 2855 2790 29.5 295 
(SAR2OROB) 2.34 2,342.67 242.44242,472,542.38 238 
39 - S - 3 - - - - E - AORO - 0.51 0.47 

Log3 FT. C 214 
liquidus T. c. 114 17817864 161 1154 15959. 14849 
betta TPC 100 34 62 63 678. 80.7779 75   



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 13 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 10 Continued, add Table 10 Continued. 

Table 10 -Type 2 Glasses (cont'd) 
Examples 

components twice too oil 102 103 T offiosos to 108109 

SiOAO 69.70 69.95 70.25 6940 70.45 69.95 69.45 69.70 69.60 69.95 
R2O+RO-BO 28,9528702840 29.85 28.s 28.70 29.2028-gs 29.652870 
SACR2OROB) 242.44, 247 2.32 2.50 244 2.38 24, 235 244 

beat. c. 80. 7883 6986 8989 at 8500 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 14 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 10 Continued, add Table 11. 

Table 11 - Type 2 Glasses 

RO (CaO + MgO) 

(SiACR20ROB) 2.44 2.43 2.38 
SORC345.32529.3 
AORSO4646.050 
- - 
Loga F. c. 1272.25 
liquids.c5 55 150 
Detail.css S365 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 15 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 11, add Table 12. 

Table 12 - Type 3 Glasses 
Examples Examples 

Components we 35T 1517 as 2012 
ISO 58to 57955835 60055825.58865997 5s 165876 

SOAO 72.05 715 7.55 T 7303 7.65 7230 72.672407240 
R2ORCBO, 27.20 2750 27.10 T26.7 270026.9526,05258.525.85 
SiAR2OROB 2.652,592,642.79T 2.652,682,772.70 2.70. 
SO - RO 32.703,3532.1534.7932,5328 T34.8233,2132.8 
AORO T 05050 050 05 5 052T 048 05 0.53 
log3 F.C. 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 16 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 12, add Table 13. 

Table 13 - Type 3 Glasses 
Examples 

Components (wt 22 123 24 25 26 27 is Tag 30 a 
SO 58.70 59.30 57.65 58.96 58.15 6009. 6021 6033.59.73 59.85 
AlO 335 12.10 T340 T3.24 13.20 12.22 1224 12.27 2.92 12.95 
Cad E. E. E. E. E. 23.31 23.35 23.40 22.0 22.04 255.250 2.552.70 2.50 2.30 3.10.290 
iO 0.50 10050.10. 0.50 050. 0.50 1.0 10 
NaO 0.60 0.45. . . . . . . . . . . . 
O 0.6005090 0.90 0.90 0.90 

FeO 0.25 020 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

RO (CaO + MgO) 2600 2600 26.70 25.5 26.40 2601 25.85 250 25.10 24.94 
Sigcao 250 2.62 2392.49 2.44 2.58 2.58 2.58 2.70. 2.72 
SiORO 2.26 2.28 2.6 2.25 220 23 2.33 235 .238 2.4 
SOAO:40-490-430 4.4544 492 492 4.92.62 462 
ESSEE 0.54 0.55 056 0.55 052052 052 0.59 0.59 SiO - AO 72.05 7140 
R29 ROBO 27.60 27,0527.30 26,926.75 26.60 25.002584 
(SAR2Orrors). 2652702,572,672.62.69.27 273 2.30 2.32 
SC. RO 327 33.30 3095 32.81 31.75 3408 34.36 3.633463 34.9 
AOIRO 0.50-470-50 05 TO-50 0.47 047048 05 52 

tog3 F.C 1226 1205 T206 22 237 1217 1213 1216 214214 
Liquidus T. c 1157 1151154. 1581 172T 163162 1166 T16416 
Delta T.C 5954 52.54 65 54 515050 53 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 17 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 13, add Table 13 Continued. 

Table 13 – Type 3 Glasses (cont'd) 
P Examples 

32.133 134 35 36137 138 39 140 41 ; ; 
SOs 5997 6009 602 6000 60.55980 59.755965 59.60 59.55. 
Al-O 1297 13:00 13.02 2.50 3.10 12.25 t2.2S 12.25 2.25 12.25 
CaO. 2209 22.322.8 2370 22.3 so is is liaiso iss 
MgO 2.70 250 2.30 1.90 1703.62.90 250 230 2.0 

.0 .10 1.10 .10 1.10 1.0 . .0 I 1.0 L 1.0 

NaC Hi-EREHEHESHE- O.30 O 0.90 0.90 O.90 0.90 0.90 060060060060060 
feC 0.25 0.25 0.25 0.25 025 - . . . . . . . . . . . . . 
8O H. H. - - - - - - - - - - - - 

- - - - - 
RO (CaO + McO 24.7924.63 24.48 25.60 25.7025.75 - 258525,9025.95 
S9CaO 27 27 27 2.53 2.7 264 26 257 2.52250 
SORO 242 2.44 246 2.34 2.52 2.29 
SOAC 452 4624,824.80 52 4.88 (4.88 487 3.87 286 
AlOCaO. 059 0.59 0.5953 to 59054 0.54 052052 os 
SiO2 + Al-O 72.87.730973.2325073,6772,052 007907.857.80 
R20ROBO 2569 25.53.25.38 26,5024925.60 266526.75 26.80 2685 
(SAR20ROS) 233 2.86 2.89 2.74 2.96 27 20 2.69 2.68 2.67 
SiO - RO 35.1835.46 35.73 34.40 36,5634 03400 3380 .337 3360 

04 05-05-09-955-04 gas- 0.47 7 
logs FTC 29 22:23: 239. 239-29. 23523 238 123 Liquidius. c 160 15542 1139 114 1156 1156 159167 13 - 
Delta T. C. 59 68 9, 100 98 94 80 77 716 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 18 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 13 Continued, add Table 13 Continued. 

Table 13 – Type 3 Glasses (Cont'd) 
ear- P Examples 
gonents w 42 143 44 45 46 147 148 49 50 151 
AlO3 60.OO S9.95 602 60.33 80.75 6021 59.71 
CaO 2.25 12.4 12.40 1240 120- 12.24 - 12.2 12.35 13.02 

T 24. 22.0523.30 23.8022.34 22.39 22.5S 2252 
1902.302.0 90 1.70 2.50 230 702.50 

TO 1.10.10 1.0 . .0 101.50 50 150 0.50 OSO 

E-O3 0.60T 0900-90 0.90 (90.90 09009 .0000 
O3 0.25 0.25 025 025 0.25 025 0250,250.2 

B . - - - - - - is . . . . . . . 
ROCaO, MgO, 26.0024.3525.402545.25502484. 24.69 2502 24.84 SiOCaO. 2.47 272 257 2.54 24.25 2.67 2. 
SE i. 2.35 2.35 25 2.41 2.35 
Al-O'CaO i EEE 4.92 EE 492 4.62 4.51 - rar- 0.50 0.55 Ossoss OSB SO AO 71.75 72.40.723572,30785 73.23. 30 7.857245 72,60 73 10 2.95 
SEors 26.90 2523 26.30 26.35 26.40 25.74 2559 25 52602 E. 
(SAR2OROB 2.67 287 2.5 2.74T 272 2.81 2.83 2.91 2.81 2.77 
3EEEE 34.45 T34 35 35.37. 35.64 36.50 35.1934 3 A. 0.510,530.49047049 0500:50 052052 

- - - - - - tog3 ft. og3 FI e 1234 1230.23224224. 1215 12312491231 1227 
liquidus T. c. 1811146 152156156 162 1160 66143t 142 Delta T, C Delta T. C. 53 84 79 6868 53 71 74 as 85 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 19 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 13 Continued, add Table 13 Continued. 

Table 13 – Type 3 Glasses (cont'd) 
Examples 

Components (wt 152 153 34 55 156 157 158 59 160 16 62 . 
SO 60.026026 60.4 60.10 60.23 - 5010 60.23 60.14 60.05 6005. 
AO 1324 2.35 2012 37 13,00 12.25 3.00 - 12.25 ; iii-i-iss 
CaO 23.15 T23.3523,4523.225 23.52215 2335 23.40 22.4 2214 
MgO 250 25.255.25 250T 25 2.5GT 2.5025 3.2 
E5 OSO 0.50 TO5 05 .005 0.5 05 0.55 

. . . . . . . . . . . . . . . . . - 
O 0900005080 Ogoogoogoogoosoogi Og 

FeO 0.25 0230.230.23 TO250,250.25 0.25 023 

RO (CaO + MgO 26,6525.89 2600 T 2594 24,65. 2586 24,65. 25.86 25.94 25.26 25.26 
S9:CaO. 257 2.5 T 257.257 271 T 258 27 2.58 257 27 2.71 
SOAlQ 4,494.8689486 4.62 92 462, 4.92 486 4,63 -S 63 
A93C9 057 0530,530.530,590,520.5952 0.53 0.59 osg" 
SiO + AC 2023. 2266 7303 33 
R20ROBOT 255026,8526.60 26 2 2s2 2s. 23. 
StAYR2OROB) 2.74 270 273 2.71 286 2.7 286 2.7 271 T2792.79 
SiORO 38134.33.2634,2034.45.3437. 35.4534.4334.0347934.7 
AOROTT 652 0.48 0.48 0.48 0.53 0.47 0.53 0.47 0.48 .51 0.5 

- 
log3 FTC 1226 1209 1230 219 1224 1219 1219 1223 
liquidus T, C 1147 115s 1158 159 36 58 159 1164.63 
Delta T.C. 79 50 72 60 102601 66 T 50 T55 60 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 20 of 36 
APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 13 Continued, add Table 14. 

Table 14 – Type 4 Glasses 

on E is tists TE stars Components with 163 164 65T 66. 167 63 169 

RO (CaO, MgOT 26.04 26.4262 25, 25.89 2634,2579 25.79 
SOCaO 248.246 2.45 25 2.49 23 250 
SORO 224, 23 22 22g22s220-226 
SOAO T AO 4.47 4.47 4.46 44 4.3s 4.454.37 
AOCaO TO,550.550,550.58 05 55.057 
SO + AO 7.33 71.2371.3 7135 1487.03 7.58 
20R999 26.94 27,0427.14, 26.30 2679 2724 26.59 
Sir Aytr2ORO-8) 2.652,632,622.72.626 2.68 

liquidius C 47 1148 144135 52 152 1146 
Delta T.C. 5757 627 56 56 67 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 21 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 14, add Table 15. 

Table 15 - Type 4 Glasses 
Examples 

Components (w) 1701 17273T17475 
SO 5800 58.057,3557,9559.615947 
AOT13031363 13.2013-2012.16 12.16 
CaO O23.8423.423.6524.0523.50222 
MgO, 2525D 255.255.250 190 
9 O959.950 101.10.101.10 O. O.90 0900-9000045045 

ZnO 100 

SiCCaO2.432.51242 2.4252.46 
SORG 220 2.26 2.19 2,182,292.28 
SOAO 4.454.264.34 4.394.90 489 
AOCaO 0.55 0.59,056 T 0.55 052050 
SiO, Ald, 71.03773.70557.1571.777.63 
R2O ROBO, 27.2426,5427.1027502645265 
(SAR2OROB) 262.702602,602.72.70 
SiORO 316632,463.15.313033.633.35 
AORO 0.49 0.53 0500:50 0.47 0.47 
LLL L 

g3 FT, ec 1208 1212 1195 195 T 1229 1218 
liquidus T. C. 
Delta, ec 59.55 54 55.7559 

  

  



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 22 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 15, add Table 16. 

Table 16 - Type 5 Glasses 

SOAG 77060 
StAR2OROB) 2,652.64 
SOROC 330 3290 
AOROT 048046 
CO - 

234 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 23 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 16, add Table 17. 

Table 17 – Type 6 Glasses 

T TT Examples T. T. 
Components (w87988, 18283 18485 86.87 86 187 
ISO 58.00, 58.0583.5790. 58. 57.60 58,5057.80 T5800 57.80 

O 990 (90.0900-90 0900.80 0.90 
fego O23 0.23 0.23 0230.23 0230.23 - 23 0230.23 
BO 100 100 - 100 100 1.00 1.20 100 100.00 o 1.2 

RO (CaO + MC 26.34 26.24 26,04 26.2425.90 26.34 26, 26.4 26.34 26.33 
2.452 as 2.442.482.42 SOCaO 2.43 2,482.45 2.43 242 

SiORO 220 2.222422222 192242212.20 2.9 
SiOAO 4.454.46447,384.354,354,58.430 4.454.4 444 
AOCao 0.550.550.5S0.56 057 0.55 054 057 0.550,55 
SOAO 70371371.337,371.47 70.83 T 726 723 71.0370.83 
20ROBO. 2824, 28.1427.9 T28.4 27.802844 28.0 28.042824, 28.44 
(SAR20ROB) 2.52 2.53 2.55 2.53 2.57 2.49 2.54 2.54 2.52 249 
E--- 3226 3166-32.21 3.26 32.39 366 - 366 3.46 AORO 0.49 0.50 0.50 OSO 0.52 50 049 0.5 0.49 0.49 

. . . . . . . . . . . T . . . . . . . . . . . . . 
tog3 F.C. 192 194 1951195 1196 1195 197 1197 1198 198 
Ligudus T. c. 137 13540 T 1137 33 3313939 1 38 35 
Delta T.C 55 59.55 53 6363 5858 6063 

    

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 24 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 17, add Table 18. 

Table 18 – Type 6 Glasses 
C. . . . . Examples 
Components (ws 188 189 1909 92.93 194 19596 197 
SO S800 57.90 58.5 : 58.25 S800 58,10 P & 4 MTV 58.30 58.20 587. 58 64 
3 3.433.43 333 3.33 1363 13633 03:303 13.05 13.15 Cao. 23.423:54233923.2g23,2423.423.52363. 22.97 22.97" MgO 

250 250250 250 T2.50 T 250 250 2.50 2.36 236 
TO 0.50 0500:50 0500:50 0500,500 50 0.49 og " 

100.00 100 000000 1.00 
T RO (CaO MgO) 25.94 26042589.25.79 25.74 2564. 26.04 26.14 25.33 

SOCaO 2.47 2.45 2.49 251 250 2.5 2.48 2.46 256 255 
SORO 2.24 222 2252.262252,272.242.23 SOAO. 4.3 436 2.32 232 4.3243 436 4.37 4.25 4.25 4.47 4.47 450 446 
AOCaO 0.57 057 0.57 057 059 0.590.55 was 0.55 57.057 
SO 4-AO 73.33.7487,587,6371737 33 7.23 7,797.79 
R2O+ROBO 2784 27.94 27,79 27.69 27.427.54 2794 - 280T 273 273 
SAK2OROB) 25.255.25-259 264 2.60 2.55 234 2.63 
SiO - RO 32,063.86 32.2632.46322632.46 322632,0633.4333 Éi-fi, HirigiHi.Fi.Hi.Fi. 3 FT. OC --|--|--|--|-- 993t. 202 1203 203 1202 1207 22 200 20 120 1209 
Liculidus, 'C 113937 136 145 T 1144145 1132 1371455. 
Delta T. cc 63 66675763 6s 6864 65 58 compositions include 0.05 wt.% SO and 0.08 wt.% SO3 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 25 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18, add Table 18 Continued. 

Table 18 - Type 6 Glasses (Cont'd) 
Examples 

Sponents w 19 199 200 201 202 2O3 204 2OS 205 T 27 
586 58.75 57.80 57.60 -S7.60 S5 58.50 58.40 58.30 s o g 

AO 1295 2.93.3233233.23.303 is is 
28, 293.238 23.823.8424.04.26 airii 23 2362.50250 2502,500 dig 2.5 

to O49050 lossos 0.50 0.50 0.50 O50 s W. OSO O50 

NaO 904 0.20 0.20 . . . . . . . . . . 
O - T. O. O E. 0.99,0900-90 07000 Ogo 09009 

Feo - 9.220230.2302362336; 0.23 
so 100 2002 to 20 00000000 
E. th. MO 5-3 26.3 1262-26,02594 

2 256.2322.42 - 40 i 2. 246 2.48 2.49 
S9RO 2322.322.92.g 2.23 22 225 
E. 453.4544,374,3543s. 4.58 4.58 4. 4.48 
OCaO 95.955955 055 055 Los distidis SiO. Also, O7597.68 is to 0.83 70637,2671.16 s -- 16 7.33 7.43 

R2ORO4-BO 223-253 2824.284423.44 28.64230 28. 27.9427.84 
SAR2OROB) 262.50 252492.gif 255.25 w 257 SiO - RO is 5 is is EEEEE 505 0.50 to 500-50 50 09049 0.49 0.5 L - is 
E - E. E. E. E. 122 120312020s 142 1125 25 351145.4 138 T 1137 
Delta T.C 5283575735s si S3 i 

  



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 26 of 36 
APPLICATION NO. : 10/164468 
DATED : November 8, 2005 
INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (Cont'd) 

C an --- onponents wit) 208 209 210 211 22 213 24 25 216 21.7 

58,553.25 T580. 5800 560-58558,658.0D 5830 58.30 li 
co 333 1333 2.75 1303 13.03 12.16 12.16 13.23 3.36T303 Mos it is it iiii is it iii; 
TO 250 250 2.50 250 2.50 250 250 2.50 2.50 2.50 
N 0500,50 0.50 0.50 0.50 1.0 10 0.50 0.50 0.50 
ad -- 0.50 - - 0.5 is is E.E. Hists. O 50 0.9 0.90 O w o a 90 

Fe0 0.25 0.25 0.25 0.23 EHES HE HE- 3: BO, T 100 Too OSO - o .00 1.20 00 100 00109 1.00 1.00 --- -I-T-I-T-I-I-T-I- ROCaO MgO, 25.89 25.7g 2600 26.34 26.54 2600 26.00 264 25 St 25.94 

S3E 3-E E-3- 335-5 
436 4.374,604.454.424,824.82 4384.374.48 E. it did is lost of it of digit dis 

R2O+ROBO :-- 27.80 2824 E. 70,77 3 7.76 of ea de - - 

SAMCR2OROB)257.259257252.247 E. E. g 3. HE 32s 323io is is 326 it is Tazis 
0.5 O52049 0.49 0.49 0.47 at Osos? 0.50 

o tEs 1197 1200 12612021194 2011227 120 1204 1201. 
EC- 130 134 1160 1137 1142 1142 1159 135 1133 136 

elta T.C 67 66 56 65 52 59 68 6671 65 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 6,962,886 B2 Page 27 of 36 
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INVENTOR(S) : Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (cont'd) 
Examples 

Components (wt 21829 220 22 222 223 224 225 22s 227 
5850 58.60 S800 58.0 58.10 58.70 58.70 58.7 586 580 
1303 1303 363 13.23 1343 12.752,352.35 12.62.76 

CaO. 2334 2324 23.54 23.34 23.50 23.50 2350 - 23.50 23.71 250 250 E. 2s2.so 250 also 250 2 so 2so 
E5 0.50 0.50 0.50 0500:50 050 0.50 050 1.0 0. 
8 . . . . . . . . . . . . 0.30 0.6 0.30 - I - 

E- 0.90 0.90 0.9) 0.90 0.90 060 O90 0900-90 
0.23 0.23 0.23 0.23 0.25 0.25 0.25 0.23 923. 

BO 100 100 100T 00 100 1.00 100 

RO (CaO + MO 2584. 25.74 26.04 25.8 2Soo 2560 26.00 ason 22 
SOCaO 25 25 250T 2.47 2.49 250 2.50 2.50 2.49 2.46 

2.26228 2.26 226 2.26 2.25 2.23 SORO 225 223 225 
SOAO 449 450264.39 433 450 475 4. 4.754.754.82 458 AOCaO AO 2. 0.56 590.56 0.58 0.54 0.53 0.53 052054 
SiOAO 71537.837.63 1337.53751.05705 70,777.6 R200-ROBO 27.64 27.64 27.94 27.74 27.80 28.20 28.20 2790 
SAR2ORO-82,582-592.59 T2.552.58 257 2.522.52254 
i; w 32.66 32.86 32.26 32.06 - 32.26 32.70 32.70 i 32.7032.6 32.19 
ACRO to 05 55 052 0.49 as O. O. is - I - T -- - 

O 204 204 1206 199 12041204 1941194 
ESEP E. E. E. 157 1149 14 114 Detail.c 697 63 70 5 50 53 53 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (Cont'd) 
Examples - 
P---- radio 23s T 236 237. 

58 10 58 70 58.70 

EEEEEEEEEEE 023 0.23 - 0.23 0.230.23 0.23 0.23 (23 O2 E. E. H. H. E. S. iii. 8: 030 
RO (CaO + MgO, 26.1 26.54 25.90. SiOCao 2.49 25.30 25.90 26.04 26.14 26.24 

4.70 4.42 435 
Al-OyCaO 0.53 0.54 0.57 
S; E. 726 7063 747 

280 28.64 27.80 28.20 27.80) 2794. 28.0428.4 28,0428.14, 27.20 27. SAR2OROB2,542.472,572.522.57 255 E. E. E. E. 
32.69 306322 SO - RO 3261 AORO O480,49052 32.21 32.26.3206 3.85 32.70 32.70 

logs Ft. c. 195196229 126 1213 Ti202 1202 1205 ge 1207 1224 
Liquidus T.C 1145 145 155 48 42 136 135 137 (144145 
Delta T.C 50 51 133 1232s 120 1922 114 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (cont'd) 
Examples 

Components will 238 239 240 T2: 242 283 - 24 245 246 - 247 
SO S9.53 59 s 59.11 59.tt 59.16 59.2 59. 5936. 
Al-O 13.36 3,2312,25262.16 12.6 12.6 2.16 12.6 12.4 

23,723.50. 2300 23:00 23:20 23:40 23.50 2350 
MgO) 2.50 2.52.5225 250 250 2.25 2.00 zoo 200 
TO EOD to 1.10 10 10 10 1. O 50 NaO - E - I - • - - o up 
KO ------|--|-- 
ligo 0.45 0.90 0.90 0.90 0.90 0.90 0.90 
feo, TO230230.23 O23 0.23 023 0.23 023 0.23 0.23 
BO 9000. 0.15 1.00 OO 0. 

RO (CaO + MO 2590. 25.94 2560 
w 2.5 2.51 

SORO 2332.32232 
SOAO 435. 440.864 94.86 486 487 4.87 4.78 
AOCaO TO,570.56 TT 053 T052053 05352 0.52 0.52 0.53 
Sio, AO, 7.4773 71.78 7.77 71.32 71.37 777 
R2O ROBO 278 27.84 27.49 26 go 27.40 27 42735 27:30 27.50 
Si+A)(R2O4-RO+B 2.57 2. as 2.60 2.6 2.60 2.61 
SO - R9 32,232.263384 335i, 336 33.5 33.76 
AdRO O52 0.51 0.48 O.53 

- cg3 F.C. 1204 1214 1230 205 1216 1218 123 216 i 
Liquidus T.C 1135 135 143 15512 13 1147153. 15353 
Delta. C. 139 24 71 75 63 73 7 6 56 63 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (cont'd) 
Examples - 

Spe entw) 248 249 250 25 252 253 254 25s 256 257 
Si 593 59.36 59.41 59 59.6 592 59:16, 59.11 590. 5921 i 

12,562-52.4626 2.626 2.26 1226236 126 CaO 2562350-25 2002.20 did it is 256502350 
g urpurpur-wimpur 200200 2002.5GT 2.25 200 250 250 2.50 250 
i 0.50 0.50 GSO.O.T. 0 . .0 O.SO of it is 
Nao TTTTT. 
KO . . . . . . . . . . . . . . . . . 
O 0.90 0900-90 090 0.90 0.9) 0.90 0.90 0.90 0.90 

Feo 0230.23 (2023 0.23 0.230.23 0.23 23 los 

BO 100 100 100 100 - 19 to 100 to 109 10 
R999. MgO, 2550 2550 2550 255 255 25.40 2595 2500 2600 2600 
S3E)- 252 253 2.53 257 2.55 2.53 2.52 2.52 2.5 2.52 
ORO 2.332.33 2.332.322.322332.28 227 2,28 

SiOAC 47247s 4.77 4.86 4.87 487 4.83 482 4.87 
A9C995953.953 0530.520520529.52.953-952 SiO + AO 71.42 71.37 71.37 
R2O+ROBO 27.4 27,40 27.40 2735 27 30 2785 27.90 27.90 
SA) (R2ORO-8) 262 2622,622.60 2.61 26.255.256 25s 25s 
SORO 33,8133.8633,933.633.338-332,133,133.01.33:21 AORO it is E. O48 0.47 0.47 0.48 

T tog3 FTC 1220 1220 1216 w 1220 214 1220 1209120 20120 
liquidus T.C 15358 55 144147 58.150 1521.52 1143 
Delta T.C 67 62 65 726762 5958 5858 
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APPLICATIONNO. : 10/164468 
DATED : November 8, 2005 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 18 Continued. 

Table 18 – Type 6 Glasses (cont'd) 

Earnotes 
onents (wt.) 258 259 260 26 262 263 as ass 2ss as 

Sa 53.75 S8.75 58.10 58.70 59.11 59.31 A S-- EEEEEEEEEEEE 592 - 54.60- 56.75 E. 5785 3 22.93 363 T 335 12.16 1226 1226 335320 1245 
yo 22.9322.93 - 23.42350. 23.50 22.30 23:40 2455 23.95 2405 

iTO 2.36 2.36 2.50 2.50 200 2.50 2.50 255.255.255. 
NaO 0.50T 0500:50 0.500 - 0.50 OSO 0.35 1.0 0.55 

0.402 - - - - - 0.15 0.50 0.60 

Lic 080 070 09003090 0.90 0900300,300 30 FeG 0.29 0.29023 G25 0.23 0.23 0.28 0.25 0.35 
O- 120 120 1.00 0.90 100 100.00 300 1.4 30 -- T. . . - I - I - 0.20 

EEEEE 0.2 Sro T . . . . . . . . . . . . . i 

S;E. t MO 2529, 25.29 256 2600 T 2550 2 SO 2590 27.0 26.50 2560 
2.51 2. HH-3- SE 2.322.32 227 2.26 2.322392.29 20 2.4235 

EEEEEEEEEEEEEEEEE AOCaO. 0.56 0.56 0.59 0.57 0.52 0.55 0.52 0.5055 0.52 
SOAO 7.68 768 7.73 72.05 - 1.57 67.95 69.95 730 
2OR989 2760. 31.02880 28.80 
SiRR20ROB 260 260 2.60 2.60 2.68 T2.57 2-3-2 
E-RO 336 33.46.32.46 32.7033,634.533.31.2750 30.25 31.25 

:Oy 051 - 0.50,530.5 - 0.48 99-04- 0.49 0.50 0.37 

Delta T. c. 889 8996 60615454.5454. 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 18 Continued, add Table 19. 

Table 19- Misc Glasses 

. . . . . . . Examples 
Cornponents (wt 268 269 270 27 272 
SO. T 57.82.58.70) 58.70 57.72586 

R9 - 252 239 200 - 252. 23.90 SiOCaO 254 T 250T 250 2.53 249 
SORO TI 2.29 2.26 226 2.28 225 
SiOAO 490 4.40 440 489 482 
AOCaC 0.52 057 057052052 
SOAO 69,6272,0572.05 69.52 70.77 
RO2(ROSO 26 to 27.20253026.9 27.30 
SAICR2OROB) 2.67 T26S 27 2.652.59 
SiO-RO 32.59 32.70 32.70 32.40 32.6 

logs FTC 129 1239 24 1222 223 
liquidius T. C. 63 T 143 65 115 139 
beta T. c. 52 9s 76 6 94   
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 19 Continued, add Table 20. 

Table 20-Production Glasses 

. . . 
as 27s 

So I I I 387 372554 53385.7 ISS53II 5597 
ACIII 268 it II 2.225ST 25 28:268 

Nao Toss 33 0809 $292.88. 
KO O GSO 650 00506.060" 9.07633s 656 
Feo. T 253.27 255 (263 Idaiso.28 E.2ss 
so III 3, 36 "424357. 
so, TT 9.02s. 603203203 (280024 
so T0030 004.0005080500so as 0.050 
ci, 2002 000282" oos B6007 
OOO TOOO 
II 2.222 22 225. 

si- is it is is it is 
SEAT 450 44s 44s. TT 438T 434 
Call 95.535 5353 SASI ISIBIS633.69 sess 

R2BC. 23s. 2925 2Si2S2529,429.32835 Siarzofots 212s 2392.3 2.342.332.37 
SOROT3053.303s 36.38 23:59 29.729,692952 

testic Si TO 83 5s. 55. This 

  

  

  

    

  

  



PATENT NO. 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

: 6,962,886 B2 Page 34 of 36 
APPLICATION NO. : 10/164468 
DATED 
INVENTOR(S) 

: November 8, 2005 
: Frederick T. Wallenberger 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 20 Continued, add Table 20 Continued. 

Table 20-Production Glasses (cont'd) 
T Examples 

Components (w86) 280281282 283 284 285 
Sto. 56.705566 5363.565. 55-35661 

NaO 0.9 0900-93090 090092 
Ko OO60.0060 0.070 0070 0.050 
Fe0 0.260T 0.265 0.267 0.268 0.270 0.279 
BO 32 1.15 134 127 24 1.29 
SO, 0.018 0.020 0.018 0016 0013 0.016 

CO, 0.004 0004 0.003 0.002 0008 0004 
- T - T - T - T - 

9 - 25 2.99. 229 - 20 2829 SiOCaO 230 2.3229 230 23 2.24 
soro 209 209 208 209 209 . 204 
SiOAO 4.39 441 .44442. 443 441 
AOCaO 0.52 0.52 0.52 052 0.52 O5 
SiOAO, 69.st 69.52 6948 69.33 69.18 69.44 
ROROBo, 29.64T 2941 29.83.29.512939 3028 
(SAFR20ROB) 2.35 2.36 2.33 2.35 2.35 229 
SiORO 29.55 2957 29.34 2947 29.45 28.82 

0.48 047047047 0.47 0.4s 
. . . . . . . . . . . . . . . . 

cg3 FT, rc T 213 T 124 
Liquidus T.C. 149 158 
Delta T. c. 64 55 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

At the end of Table 20 Continued, add Table 21. 

Table 21 - Summary Sheet 

Type 2 Glasses Type 3 Glasses High l h l type 5Glasses Tipei Glasses Low High low High Low Tigh low High Low High w 
R9 (Sage Mi 26.30 27.05 275S 24,026.70 25.40 26.60 25.8025.90 2529 
Silica 2.35 27 220 2.55 239 24.25"262. 2.622222.66 
SORO 2.13 223 1.96 2.29 28, 2.2g22822820 

w 4.25 243.79 4.76 304.99 4.25 49 492 4.93 
0.5 0.58 05 59 0.5 059 0.50 T 0.59.53 0.53 

- 70.85 71.86 7.05 73.67 70371.7376,607.00 
R2OR 27.202.95. 28.532.7925.1527,6026.30-27,526.70258 258 

265 

At the end of Table 21 Continued, add Table 22. 

Table 22 - Summary Sheet 

Types 1 & 2 Glasses types 3-6 Glasses. Types1&3-5.Glasses Types 2 & 6 Glasses Production Glasses 
boror-free containsboron contains boron 

Low High low High low High low High low High 
RO (CaO MgO) 24.80 27.56 24.026.70 24.01. 26.90 24.80 - 27.56. 27.79 

255 2.362.732,20265 SOCaO 220 2,392.7 2.24 2.37 
S99 962,292.62.522.425296,2392.08 2,16 
SiOAC 3798426994.26499.3794.90 4384.50 
AOCad PES E ESSEE O.S3 SO e AO 56.10 71.45 70.60 736766 072.05 68.65 S9.98 
R2ORO-BO 2720 32.7g 25.528,6425.1527.80 26.90 30.28 
Sival),R2O-ROB EEEEEE 20226822g24 SiO-RO 26.5332.55 3095 36.56 3055 36.56 - 26.50 - 33.9 
ARO as 0.55 0.46 053046053,045 0.55 - 06 0.8 
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It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 37 line 9, “TiO2 0.5 to 2 percent by weight: should be -- TiO2 up to 2 

percent by Weight:--. 

Signed and Sealed this 

Thirty-first Day of October, 2006 

WDJ 
JON. W. DUDAS 

Director of the United States Patent and Trademark Office 


